Orbital Mechanics of Rendezvous Missions by unknown
- 
wo 2-41 5 5  N E W S  WASHINGTON, D.C. 20546 TELS* WO 3-6925 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
FOR RELEASE: IMMEDIATE 
2:OO p.m., 15 October 1965 
ORBITAL MECHANICS OF RENDEZVOUS MISSIONS 
PARTICIPANTS: I 
ALFRED P. ALIBRANDO (Moderator), Public Affairs Officer. 
JOHN L. HAMMERSMITH, Aerospace Scientist, Systems Engineering. 
ROBERT 0. AUER, Chief, Mission Planning, Flight Operations. 
EDGAR L. HARKLEROAD, Aerospace Scientist, Flight Operations. 
JAMES L. COOPER, Aerospace Scientist, Flight Operations. 
ELDON W .  HALL, Director, Gemini Systems Engineering. 
> I - IPAGES) (CODE1 
U 
L -30 2 
(NASA CR OR TMX OR AD NUMBER) (CATEGORY) 
https://ntrs.nasa.gov/search.jsp?R=19660004257 2020-03-11T17:46:39+00:00Z
4 
I 
- 
b 
46 
MONICK/bl 1 
2 
ALIBRANDO: The b r i e f i n g  w e  a r ranged  this a f t e rnoon  
i s  e s s e n t i a l l y  i n  response t o  t h e  q u e s t i o n s  w e  had from you. 
W e  do r eques t  one th ing .  
rendezvous and docking t o  orb i ta l  mechanics. W e  won' t  have 
t i m e  to t a l k  about t h e  overall  mission.  W e  p l a n  t o  do tha t  
a t  t he  o v e r a l l  b r i e f i n g  a t  T-one day. 
We would l i k e  t o  restrict it to 
T r a n s c r i p t s  of t h e  b r i e f i n g  w i l l  be available i n  
the  newsroom Tuesday morning, and they  w i l l  be mailed o u t  t o  
a l l  of those people who r ece ived  press k i t s .  The p r e s s  k i t s  
w i l l  be mailed t h i s  a f t e rnoon  fo r  release Wednesday a.m. 
That  is about  it. 
Eldon H a l l ,  i f  you w i l l  i n t r o d u c e  the  p a r t i c i p a n t s ,  
w e  w i l l  g e t  on. 
HALL: Thank you. 
We have broken t h i s  b r i e f i n g  up i n t o  three main 
parts.  
phenomena of o rb i ta l  mechanics. 
Mr. John Hammersmith, who i s  o u r  aerospace  s c i e n t i s t .  
The first par t  i s  a t e c h n i c a l  d i s c u s s i o n  of the basic 
T h i s  p a r t  w i l l  be given by 
Following t h i s  w e  w i l l  have a d i s c u s s i o n  related 
s p e c i f i c a l l y  t o  t h e  Gemini 6 miss ion  and how it w i l l  be con- 
ducted.  T h i s  par t  w i l l  be given  by M r .  Bob A l l e r ,  who 1s 
ch ie f  of miss ion  planning.  I 
T o  assist  us i n  answering q u e s t i o n s  i n  a short  
pane l  s e s s i o n  fol lowing t h e  formal p r e s e n t a t i o n ,  I have M r .  
Ed Harkleroad and M r .  J i m  Cooper, who are both w i t h  aero- 
space technology. 
I n  t h e  first s e s s i o n  Mr. Hammersmith w i l l  get i n t o  
some of the  basic fundamentals. I t h i n k  it would be w e l l  if 
w e  could withhold o u r  q u e s t i o n s  p e r t a i n i n g  t o  t h i s  pa r t  and 
keep these q u e s t i o n s  on ly  t o  those which r e q u i r e  c l a r i f i c a t i o n  
r a t h e r  t h a n  b r ing ing  up new subjects or  q u e s t i o n s  t h a t  have 
n o t  been covered by t h i s  d i s c u s s i o n .  
I f  there are any remaining q u e s t i o n s ,  w e  W i l l  open 
i t  up fol lowing h i s - d i s c u s s i o n  before w e  ge t  i n t o  Gemini 6 
specifics . 
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With t h a t ,  I w i l l  i n t roduce  M r .  Hammersmith. 
I 
. 
HAMMERSMITH: Thank you. 
I t h i n k  t h a t  t h e  p a r t  t h a t  I am t o  cover  here is  
more i n  response t o  q u e s t i o n s  from t h e  news media than  it is  
p e r t a i n i n g  d i r e c t l y  to t h e  Gemini rendezvous s i t u a t i o n .  
I w i l l  t r y  t o  describe and t r y  t o  t a l k  about B num- 
ber of fundamental concepts ,  fundamental d e f i n i t i o n s ,  of which 
you must have an understanding i f  you are t o  have an i n t e l -  
l i g e n t  a p p r e c i a t i o n  of w h a t  we are doing,  n o t  on ly  i n  rendez- 
vous bu t  i n  any space  m i s s i o n s .  
Many of you have been cover ing  t h e  space f i e l d  for 
a long  t i m e  and are undoubtedly familiar w i t h  a great deal 
of what I am going t o  t a l k  about. I hope t h a t  from t i m e  t o  
t i m e  you a l l  w i l l  be w i t h  m e  and I hope t h a t  by the t i m e  I 
am f i n i s h e d  you w i l l  a l l  be wi th  m e  also. And i f  I seem t o  
be t a l k i n g  down t o  you, p lease  bear w i t h  m e  because the 
mater ia l  which I am cover ing  to  a great e x t e n t  i s  be ing  
covered i n  response t o  i n d i c a t i o n s  of confusion.  
As soon as w e  t r y  to t a l k  about  unders tanding  and 
t o  my g e t t i n g  an understanding to  you, w e  run i n t o  a problem 
of what i s  understanding,  and I have t h e  problem of how do 
I s ta r t ,  where do I s ta r t ,  and how deeply  s h a l l  I go. 
I n  order t o  understand t h i s  material t o  such a 
degree as t o  have a f a c i l i t y  w i t h  it, to  be able t o  manipu- 
la te  t h e  material i n  order ‘to do t h i n g s ,  a knowledge of 
mathematics, of a p p r o p r i a t e  mathematics,  a knowledge of phys ic s ,  
of astronomy, and of q u i t e  a b i t  of eng inee r ing  is  a b s o l u t e l y  
e s s e n t i a l .  
I do n o t  t h i n k ,  however, t h a t  a knowledge of that  
t y p e  is e s sen t i a l  for you t o  have an i n t e l l i g e n t  a p p r e c i a t i o n  
of what i s  going on i n  space i n  g e n e r a l ,  and of what w e  are 
do ing  i n  t h e  Gemini program i n  p a r t i c u l a r .  
To assist m e  I have had a number of i l l u s t r a t i o n s  
s p e c i a l l y  drawn and I have paat up a l i t t l e  3-dimensional model 
t o  which you may w i s h  t o  refer fromatime,to t i m e .  
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Many of t h e  terms which w e  use have been carried 
ove? d i r e c t l y  from a branch of astronomy known as "celestial 
mezhanics." 
n;otion of bodies i n  space.  
c i r c u l a t i n g  about a body o f  large mass. 
This  concerns q u i t e  b r i e f l y  t h e  s tudy  of the  
Usual ly  t h e s e  bodies are s m a l l ,  
(S l ide  1 
The case of the  Moon about  the  E a r t h  i s  such a case; 
Mars and t h e  ~ Earth abaut t he  SUn is  such a case. 
I have drawn a schemat ic  which shows an o r b i t  about  
t h e  Ear th  -- and I must apologize .  
i n g  and w a s  n o t  a n t i c i p a t i n g  a l l  t h e s e  microphones and cameras. 
I 
I set t h i s  up f o r  a brief- 
am going t o  have to go t o  t h e  board. I 
L e t  us  s a y  w e  have a s p a c e c r a f t  i n  an o r b i t  about  
the Ear th  o r i e n t e d  thus ly .  
a r y  sheet, over t h e  edge of t h a t  o rb i t ,  you w i l l  f i n d  t h a t  it 
i s  p e r f e c t l y  f l a t ,  j u s t  l i k e  a drum head. Th i s  i s  called the  
orb i ta l  p lane .  
imaginat ion it slices through t h e  c e n t e r  of the  Ear th .  
If you s t r e t c h  a s h e e t ,  an imagin- . 
It  is  an imagixmry c o n s t r u c t i o n  and i n  your  
The f i r s t  t h i n g  t h a t  as t ronomers  aak t h e u e l ~ l ) b ,  
the  f i r s t  types  of t h i n g s  they  have t o  g r a s p  i n  a s i t u a t i o n  
l i k e  t h i s ,  w a s  t o  come up w i t h  a sot of nomenclature and of 
concepts  t h a t  would enab le  them t o  describe the  c h a r a c t e r -  
ist ics of such an o rb i t ,  t o  describe i t s  o r i e n t a t i o n  and 
p o s i t i o n ,  and t o  describe t h e  p o s i t i o n  of a body i n  t h a t  orbi t  
w i t h  p r e c i s i o n .  
and have a l r e a d y  as parameters  -- orbi ta l  parameters. 
ameter means noth ing  more than  it is  a t h i n g  t h a t  has another 
name, or is a set o f  t h i n g s  which h e l p  6 ' s  t o  describe something. 
These you w i l l  p robably  h e a r  r e f e r r e d  t o  
Pa r -  
( S l i d e  1 
The astronomers  found t h a t  they needed and t h a t  i t  
w a s  m o s t  convenient  t o  have some p l a n e  of r e f e r e n c e  f o r  such 
an orbit .  F o r  a s p a c e c r a f t  abou t  the  s u r f a c e  of t h e  E a r t h ,  
c i r c l i n g  the  Ea r th ,  t he  most conven ien t  p l a n e  of r e f e r e n c e  is 
t h e  e q u a t o r i a l  p l ane ,  d e p i c t e d  here . 
T h i s  d o e s n ' t  look very  much d i f f e r e n t  from o u r  
o r b i t a l  p lane  of  o u r  s p a c e c r a f t  except t h a t  it is  c o n s t r u c t e d  
e n t i r e l y  d i f f e r e n t l y .  The o rb i t a l  p l a n e  is  c o n s t r u c t e d  by 
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p u t t i n g  a sheet, an imaginary sheet, over  the  edge of t h e  orbi t .  
The equatorial p l ane  i s  cons t ruc t ed  by s l i c i n g  i n  an imaginary 
way about  t he  e q u a t o r i a l  l i n e  which you see dep ic t ed  on the 
globe . 
(Sl ide.)  
P u t t i n g  these two toge the r  -- you have heard t h e  word 
" i n c l i n a t i o n " .  The e q u a t o r i a l  p l ane  and the p lane  of  the  tar-  
get orb i t  i n t e r s e c t  a t  t h e  center of t h e  Ear th ,  and s i n c e  they  
are both f l a t ,  an angle  can be measured between them. T h i s  
angle  is called i n c l i n a t i o n .  I t  i s  measured i n  degrees. 
I 
A s p a c e c r a f t  of s a t e l l i t e  under no other i n f l u e n c e s  
than  t h e  g r a v i t a t i o n a l  a t t r a c t i o n  of t h e  body t h a t  it is  
Among other t h i n g s ,  the  i n c l i n a t i o n  w i l l  s t a y  t h e  s m ,  or  
e s s e n t i a l l y  t he  same, un le s s  the  spacecraft t h r u s t s .  If the 
spacecraft a t t empt s  t o  maneuver o u t  of t h a t  p l ane  i n  some 
fash ion ,  perhaps by pushing itself t h i s  way or t h a t  ( i n d i c a t i n g )  
i t  w i l l  establish itself i n  a new p lane  a t  t h e  end of i ts  
t h r u s t i n g  per iod.  That  p lane  w i l l  look j u s t  l i k e  t h i s ,  b u t  
t h e  i n c l i n a t i o n  w i l l  have changed. And t h a t  is  t h e  meaning 
of t h e  term which you heard and to which w e  ascribe so much 
importance dur ing  the G e m i n i  3 mission when w e  said that we 
had changed the  o r b i t a l  plane.  
of t h a t  terminology. I th ink  it was l a r g e l y  overlooked because 
it w a s  n o t  understood. 
I c i r c l i n g ,  w i l l  remain f i x e d  i n  such an o r b i t  i n  such a plane.  
And t h a t  w a s  t h e  s i g n i f i c a n c e  
The p o i n t  where the  o r b i t  of the  spacecraft i n t e r -  
sects w i t h  the  p l ane  of re ference ,  i n  t h i s  case the e q u a t o r i a l  
p l ane ,  is c a l l e d  t h e  f'node". T h e  term node has  no other s ig-  
n i f i c a n c e  than  t h a t .  And it is j u s t  t h a t  simple. 
If a spacecraft should be coming i n  t h i s  d i r e c t i o n ,  
from n o r t h  t o  s o u t h ,  c u t t i n g  across the r e f e r e n c e  p l ane ,  t h i s  
node would be called the  descending node. I f  t he  s p a c e c r a f t  
comes down around, back up the other side, t h i s  node is called 
t h e  ascending node. 
(Slide.  1 
Two spacecraft i n  o r b i t  w i l l  e s tab l i sh  themselves  
i n  p l a n e s  very much similar to  t h a t ,  and the  i n t e r s e c t i o n  of 
those p lanes  is very o f t e n  c a l l e d  r?,ades. Thirs s i t u a t i o n  differs 
b l  5 
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6 
from t h e  one t h a t  w e  were t a l k i n g  about  i n  t h a t  n e i t h e r  p lane  
i s  r e a l l y  a r e fe rence  plane.  
t h i s  angle  between the p lanes  of t w o  s p a c e c r a f t ,  say  between 
ou r  Gemini s p a c e c r a f t  wi th  t he  men i n  it and w i t h  o u r  target 
v e h i c l e ,  the  Agena, t h i s  angle  w i l l  normally be very small and 
you may hear it r e f e r r e d  t o  as a wedge angle .  If you can V i s -  
u a l i z e  t h a t ,  you can see there t h a t  t h i s  is  reminiscent  of a 
wedge. 
And i n  our  rendezvous s i t u a t i o n s ,  
L e t ' s  d e p a r t  from the  3-dimensional s i t u a t i o n  for a 
w h i l e  and l e t ' s  see what w e  can do and what sor t  of t h i n g s  w e  
need i n  ou r  nomenclature for a s p a c e c r a f t  o r  a satell i te i n  
one of these p lanes .  From now on for a b i t  w e  w i l l  be t a l k i n g  
i n  t h e  plane.  @ 
(Slide.  1 * 
I t  could be proven mathematical ly  t h a t  a s p a c e c r a f t  
i n  o r b i t  about  a very l a r g e  body, a body whose mass is  ar ranged  
i n  such a manner t h a t  t h e  s i m p l i f i c a t i o n  can be made for pur- 
poses of c a l c u l a t i o n  i f  t h e  mass is concen t r a t ed  a t  i t s  c e n t e r ,  
a s p a c e c r a f t  i n  an o r b i t  about  such a body w i l l  be a t  an orbi t  
such as t h i s  which is  an e l l i p s e .  
An e l l i p s e  has a very p r e c i s e  mathematical d e f i n i t i o n  
i n  t ha t  n o t  every o v a l  t h a t  you see i s  an e l l ipse.  
l i k e  t o  speak j u s t  a moment about  t h e  mathematical theory .  No 
mathematics,  bu t  I w i l l  t a l k  about  t he  mathematics. 
I would 
Once a spacecraft i s  deposited i n  o rb i t ,  o r  a body 
such as the Moon is  found t o  be i n  o r b i t ,  then t h e  shape of 
i t s  o r b i t  from there on is  determined s o l e l y  by the force of 
g r a v i t a t i o n  of t h i s  c e n t r a l  body. T h i s  w a s  one of the  f irst  
a p p l i c a t i o n s  of Newton's c a l c u l u s  and of h i s  d iscovery  of t h e  
l a w  of g r a v i t a t i o n .  And he married these t w o  ideas and he w a s  
delighted to f i n d  t h a t  he could p r e d i c t  on t h i s  very c l e a n  
conceptual  frame of mathematical r e f e r e n c e  t h a t  he could 
desc r ibe  very c l ea r ly  the  motion of t h e  Moon about t h e  E a r t h ,  
and he knew t h a t  he  had something. 
That theory  shows, as I have sa id ,  t h a t  the o r b i t  
w i l l  be i n  a plane ,  t h a t  it w i l l  e i ther be an ell ipse or  it 
w i l l  fly away. If i t  has a l o t  of energy,  for example a comet 
has  a l o t  of energy, i t  w i l l  come and go and it will n o t  ue 
seen again.  I should correct myself s l i g h t l y .  Some comets 
do re turn .  
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The circle is  a s p e c i a l  case of t h e  e l l i p s e ,  and for  
many purposes  it is  convenient  t o  use circles. For t h e  e l l i p s e  
t h e  p o i n t  of closest approach to  the  body of  mass is c a l l e d  t h e  
pe r igee ;  t h e  p o i n t  of f u r t h e s t  approach i s  called t h e  apogee. 
These t w o  p o i n t s  i n  gene ra l  are known as aps ides .  
And a l i n e  can be drawn from here t o  here which i s  called the 
l i n e  of aps ides ,  and you may hear  r e f e r e n c e  made t o  t h a t .  
is t h e  s i g n i f i c a n c e  of  t h a t  term. 
That  
I n  t h e  case of some bodies which have been s t u d i e d  
e x t e n s i v e l y ,  such as t h e  Earth,  i n s t e a d  of say ing  apoaps is  
and periapsis,  which are very awkward terms, some kind  of a 
sy l l ab le  has been attached t o  make it easy  t o  i n d i c a t e  the  
o r b i t ,  o r  rather the  body abou t  which t h e  o r b i t  is being 
s t u d i e d .  I n  t h e  case t h e  "gee" is  r e a l l y  a co r rup t ion  of 
"geo" fo r  Ea r th .  
b 
a 
Some of you who covered the  Apollo may have heard 
t h e  terms "apolunar" and "pe r i luna r " .  The t i m e  t h a t  it t a k e s  
t o  go f r o m  pe r igee  t o  pe r igee  may be measured i n  minutes ,  
hours ,  days,  any convenient  t i m e  r e f e rence .  But it is  t i m e ,  
and i t  is  called the  period. 
By far,  t h e  dominating force i n  a case l i k e  t h i s  
is  g r a v i t y ,  and I have discussed one form of t h a t  g r a v i t a t i o n a l  
a t t r a c t i o n .  However, t h e  Ea r th  i s  n o t  so n e a t l y  cons t ruc t ed .  
Its bulge causes  a b e r r a t i o n s .  
t h a t  causes  t h e  o rb i ta l  p lane  which I said w a s  mot ionless  t o  
rotate s l i g h t l y .  
ward. 
t o  very great he igh t s  and t e n d s  t o  d i s tor t  t h i s  o rb i t .  
r a d i a t i o n  p r e s s u r e  f r o m  t h e  S u n  w i l l  t e n d  to  have an effect  
upon such an o r b i t  over  a per iod  of t i m e .  
It is  the  bulge of the  E a r t h  
It  causes  i t  t o  rotate i n  t h i s  manner, back- 
The atmosphere of the Earth is  very tenuous b u t  ex tends  
Even 
Those are a l l  n a t u r a l  forces and they  are p r e t t y  
l a r g e l y  o u t  of o u r  c o n t r o l .  
and manipulate  them t o  ou r  advantage,  b u t  they are e s s e n t i a l l y  
o u t  of o u r  c o n t r o l .  
Sometimes w e  can c o n t r i v e  t h i n g s  
There is one t h i n g  t h a t  is w i t h i n  ou r  control,  and 
t h a t  is o u r  spacecraft i s  bui'ht -- a b 3  o u r  s p a c e c r a f t  are b u i l t  
i n  such a manner t h a t  they can t h r u s t .  I t  i s  t h i s  force t h a t  
i s  under  o u r  c o n t r o l  and enables  us t o  change the  character- 
istics of these orbits. 
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I have b u i l t  up w i t h  t h i s  terminology so t h a t  when 
the press  k i t  comes o u t  and you hear your p r e s s  conferences,  
these changes w i l l  be described i n  terms such as I have j u s t  
discussed.  - 
Before w e  t a l k  about  what w e  can do i n  this o rb i t a l  
p l ane ,  w i t h  a s p a c e c r a f t ,  I want  to t a l k  a b o u t  something which 
i s  very simple b u t  which, because it g e t s  involved wi th  a few 
other th ings  I am going t o  t a l k  about  later,  I want t o  make 
certain you have c l e a r l y  i n  mind. 
(Slide. 1 
The t w o  concepts  that I want t o  ge t  s t r a i g h t  are 
forward and backward. Forward for  the  Gemini spacecraft is 
t h e  d i r e c t i o n  i n  which the crew faces. Backward o r  a f t  is  
t h e  d i r e c t i o n  d i r e c t l y  behind them. The t h r u s t e r s  are l o c a t e d  
i n  t h i s  s e c t i o n .  Some of t h e m  p o i n t  forward. When a forward- 
f i r i n g  t h r u s t e r  fires, it tends  t o  push t h e  s p a c e c r a f t  back- 
ward. And when an a f t - f i r i n g  t h r u s t e r  fires, it tends  to 
push t h e  spacecraft forward. I t  fires forward, t ends  to go 
backward, tends  t o  push backward. Fires a f t ,  t ends  t o  push 
forward. 
4 
A r e  you w i t h  m e  so far? 
Now we get  confusing. 
(Slide.) 
T h e  terms forward and backward -- and the reason  I 
belabored t h a t  p o i n t  is t h a t  t h e  terms forward and backward 
have g o t t e n  mixed up w i t h  t he ,  terms "posigrade" and "retrograde." 
You w i l l  bear i n  mind always t h a t  forward and back- 
ward a re  forward and a f t  r e f e r r i n g  t o  t h e  s p a c e c r a f t ,  and are 
o r i e n t e d  towards i t ,  and the terns posigrade and r e t r o g r a d e  
are o r i e n t e d  towards t h e  d i r e c t i o n  of t r a v e l .  You w i l l  have 
no problem. 
If the  spacecraft is t r a v e l l i n g  i n  t h i s  d i r e c t i o n  
( i n d i c a t i n g ) ,  t h i s  is  the  posigrade d i r e c t i o n .  If our  space- 
craft  is o r i e n t e d  i n  i t s  o rb i t  i n  t h e  way depicted here, and 
i t  uses i t s  a f t - f i r i n g  t h r u s t e r s ,  t h e  spacecraft w i l l  be 
pushed forward i n  t h e  Rosigrade direct!-an. 
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If t h a t  maneuver takes  p l ace  a t  pe r igee  i n  the  way 
i n  which I have dep ic t ed  it here,  then t h e  o rb i t  t h a t  t h e  
s p a c e c r a f t  w a s  on, which might be such, w i l l  be ampl i f ied  
and t h e  m o s t  no tab le  change or t h e  easiest way t o  no te  t h e  
change w i l l  be to  say  t h a t  t h e  apogee has  been raised. T h i s ,  
from a f u e l  s t andpo in t ,  is  t h e  m o s t  e f f i c i e n t  way t o  raise 
apogee, t o  f i r e  t h e  t h r u s t e r s  a t  p e r i g e e ,  and t o  f i r e  them 
so t h a t  you move i n  a posigrade d i rec t ion .  
(S l ide .  1 
J u s t  t o  show our  v e r s a t i l i t y ,  t h i s  i s  t h e  same man- 
euver  done w i t h  t h e  spacec ra f t  i n  ano the r  o r i e n t a t i o n .  W e  
are using t h e  forward-f i r ing t h r u s t e r s  t o  push t h e  s p a c e c r a f t  
i n  a posigrade d i r e c t i o n .  The consequences of t he  maneuver 
have t o  do wi th  t h e  d i r e c t i o n  o f  t r a v e l  and t h e  d i r e c t i o n  i n  
which t h e  t h r u s t  is made, w i t h  r e s p e c t  t o  t h e  d i r e c t i o n  of 
t r a v e l .  I t  does n o t  have anything t o  do w i t h  whether  the 
s p a c e c r a f t  is  po in ted  forward or backward. 
e c t l y .  As a matter of f a c t ,  t h e  s p a c e c r a f t  could have been 
po in ted  sideways. 
A t  l e a s t  n o t  d i r -  
(Slide.) 
Retrograde, a re t rograde  maneuver, i s  one i n  which 
t h e  t h r u s t e r s  are fired aga ins t  t h e  d i r e c t i o n  of motion. 
They tend  t o  push t h e  s p a c e c r a f t  backward, a l though there w i l l  
n o t  be a backward motion. T h a t  takes too much energy. I f  
t h e  s p a c e c r a f t  had been on a l a r g e  o r b i t  such as I g o t  us  
i n t o  on ou r  previous sl ide,  and w e  were t o  make a r e t r o g r a d e  
maneuver, t h a t  is, w e  were t o  f i r e  t he  t h r u s t e r s  a g a i n s t  t h e  
d i r e c t i o n  of motion,  then t h e  apogee would be lowered. 
The same type  of d i s c u s s i o n  can be made a t  apogee. 
I f  a f i r i n g ,  i f  a posigrade f i r i n g  is  made a t  apogee, t h a t  is, 
t h e  spacecraft f ires i n  such a d i r e c t i o n  a t  apogee as t o  push 
i tsel f  faster i n  t h e  d i r e c t i o n  i n  which i t  i s  t r a v e l l i n g ,  
t h e n  it would be p laced  i n  an o r b i t  t h a t  would look l i k e  t h i s .  
Pe r igee  would be raised. 
The most pronounced r e t r o g r a d e  maneuver t h a t  w e  have 
i n  o u r  r e p e r t o i r e  i s  the retrorocket f i r i n g  wi th  which t h e  
s p a c e c r a f t  is brought  back t o  earth. 
ward s e c t i o n  of t h e  s p a c e c r a f t  has  been discarded. 
craft is r e o r i e n t e d  and t he  f i r i n g  i s  so seve re  t h a t  it j u s t  
I n  t h a t  case t h i s  back- 
The space- 
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c0me.c down l i k e  t h a t  ( i n d i c a t i n g ) .  
The r e t rog rade  maneuver is so seve re  t h a t  i n s t e a d  
cf going i n t o  a lower orb i t ,  i t s  o r b i t  a c t u a l l y  i n t e r s e c t s  
t h e  Ear th  and it comes home. 
A r e  there any ques t ions  about  t h a t  p a r t i c u l a r  Series 
of poin ts?  Apparent ly ,  from t h e  word I g e t ,  i t  has  caused a 
l o t  of t roub le .  
Is it clear? 
QUESTION: I d o n ' t  q u i t e  understand i f  t h a t  rocket 
is  sideways, how f i r i n g  would make it go farther o u t  o r  i n .  
HAMMERSMITH: You are r igh t ,  because I have j u s t  
shown t h e  forward- f i r ing  t h r u s t e r s  and t h e  a f t - f i r i n g  t h r u s t e r s .  
There are t h r u s t e r s  t h a t  f i r e  sideways.  I f  it had been side- 
ways, we would have used them and they  would then  have been 
f i r i n g  i n  t h e  d i r e c t i o n  or  a g a i n s t  t h e  d i r e c t i o n  of t r a v e l .  
You can see from t h i s  so r t  of behavior  t h a t  i f  w e  
are going t o  catch a target w i t h  a s p a c e c r a f t  l i k e  this, t h a t  
even if w e  had  them i n  t h e  same o r b i t  -- l e t ' s  say  the t a r g e t  
w a s  on ly  a l i t t l e  b i t  ahead -- t h a t  it would do l i t t l e  good 
t o  f i r e  t h e  thrusters  of ou r  manned s p a c e c r a f t  w i t h  t h e  crew 
on board, s t r a i g h t  ahead, w i t h  t h e  hope of ca tch ing .  Beciause 
t h i s  does n o t  act  as though t h i s  o r b i t  were a track l i k e  a 
road, b u t  rather any f i r i n g  a long  t h e  d i r e c t i o n  of  t r a v e l  
t ends  t o  cause  n o t  a catch-up b u t  t ends  t o  push i n t o  a h1ghe.r 
o rb i t .  
So t h a t  if w e  see our  t a r g e t  d i r e c t l y  ahead, and 
even i f  we know it is i n  the  same o r b i t  w e  are, it does no 
good to t r y  to  catch h i m  by going  r i g h t  after h i m .  Tha t  t ype  
of t h r u s t i n g  only  p u t s  us  i n t o  a h i g h e r  o r b i t .  
So how do w e  beat t h i s  game? 
(Slide.  1 
I t  so happen8 t h a t  a s p a c e c r a f t  i n  a l o w  o r b i t  can 
make one r evo lu t ion  about  t h e  Ea r th  fas ter  than  a s p a c e c r a f t  
i n  a higher  o rb i t .  I t  has been sugges t ed  t o  m e  t h a t  t h i s  i8 
analogous to  a r ace  track s i t u a t i o n ,  where if a racer or  a 
horse on a r a i l  is  t r a v e l l i n g  a c t u a l l y  a t  t h e  same speed as 
b 
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t h e  horse or  racer n e x t  t o  him, b u t  toward t h e  o u t s i d e ,  t h a t  
the one on t h e  i n s i d e  has  the advantage because he makes t h e  
c i r c u i t  faster. And t h a t  e f f e c t  i s  p r e s e n t  here. 
But there is  more t o  it than  t h . a t ,  i n  t h a t  that 
e f f e c t  does n o t  account  for a l l  of t h e  d i f f e r e n t i a l .  
There i s  more present here. I toyed  w i t h  t h e  idea 
of t r y i n g  t o  exp la in  i t  and I decided a g a i n s t  it because I 
c o u l d n ' t  t h ink  of any way t o  do it wi thou t  involv ing  some 
mathematics. Take my word for it. 
(Laughter.  1 
The e s s e n t i a l  p o i n t  is t h a t  it takes less t i m e  
f o r  t h i s  one t o  go around than it does for  t h i s  one t o  go 
around ( i n d i c a t i n g ) .  Keep your eye on t h a t .  
(Slide.  
W e  w i l l  make one t r i p  around. What t h i s  does, 
as t h i s  one makes one complete c i r c u i t ,  this one h a s n ' t  
q u i t e  made it. This  one and t h i s  one started a t  the  same 
t i m e ,  and w e  see t h a t  t h e  d i f f e r e n c e  i n  angular  p o s i t i o n  
is  less. 
You w i l l  hear t h i s  angle  referred t o  as t h e  phase 
These types  of maneuvers are what are called phas ing  angle .  
maneuvers or catch-up maneuvers. 
phas ing  takes p lace  I th ink  should be obvious by t h i s  t i m e ,  
You can c o n t r o l  t h i s  by varying t h e  d i f f e r e n c e  between t h e  
amounts . 
The rate a t  which t h i s  
T h i s  i s  about a l l  w e  have t o  work w i t h  when it 
comes t o  t r y i n g  t o  catch up, and it i s  n o t  as b e n e f i c i a l  
as it sounds for  t h e  Gemini system because a t  t he  a l t i t u d e s  
a t  which w e  are working, it is  n o t  p o s s i b l e  t o  provide  a 
d i f f e r e n t i a l  t i m e  around, or a d i f f e r e n t i a l  period between 
t h e  t w o  s p a c e c r a f t  of much better than  about  one-and-a-half 
minutes  p e r  o rb i t .  
QUESTION: Say t h a t  aga in .  
HAMMERSMITH: A t  the  a l t i t u d e s  a t  which we are 
c o n s t r a i n e d  t o  operate w i t h  t h e  Gemini sys tem,  it i s  n o t  
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p o s s i b l e  t o  provide  much more of a d i f f e r e n t i a l  p e r i o d  be- 
tween t h e  target  and t h e  s p a c e c r a f t  -- n o t  much more than  
about  one-and-a-half minutes.  
QUESTION: What do you mean by d i f f e r e n t i a l  i n  
t h a t  sense? 
HAMMERSMITH: Perhaps I used too big a word t o  
describe it. A l l  I am t a l k i n g  about  i s  t h e  d i f f e r e n c e  i n  
t i m e  t h a t  it takes to  make one complete c i r c u i t .  And when 
I said d i f f e r e n t i a l  I w a s  comparing t h a t  t i m e  between t h e  
t w o  v e h i c l e s  . 
QUESTION: 
p e r i o d  between t h e  s p a c e c r a f t  and the  target  narrows by a 
minute-and-a-half each  o rb i t ?  
D o  you mean t h e  d i f f e r e n c e  i n  o r b i t a l  
HAMMERSMITH: T h a t  i s  correct. 
QUESTION: And you c a n ' t  catch up any f a s t e r  t han  
t h a t ?  
HAMMERSMITH: That  i s  correct. 
QUESTION: T h a t  i s  i f  you d id  no th ing?  
HAMMERSMITH: Y e s ,  i f  you d id  no th ing .  A c t u a l l y ,  
a minute-and-a-half is  about  a good average. W e  can va ry  it. 
A s  w e  come very  close here, t h e  t i m e  d i f f e r e n c e  w i l l  be vary 
s m a l l .  
There i s  one cont ingency t y p e  of maneuver which 
perhaps,  s i n c e  you are g e t t i n g  a l l  around it t h a t  I shou ld  
mention, and  t h a t  i s  shou ld  w e  g e t  too bad ly  o u t  o f  whack, 
it is  p o s s i b l e  t o  send t h e  Agena way o u t  and b r i n g  it back, 
and t h e n  c i r c u l a r i z e  aga in  so as t o  u p s e t  t h i s  a c t u a l l y  very  
t i g h t  phasing r e l a t i o n s h i p .  The emphasis i n  t h e  Gemini 
program w i l l ,  however, be on having  t h e  men i n  t h e  space-  
c r a f t  make t h e  maneuvers, the Agena e s s e n t i a l l y  r e s t i n g  
t h e r e  and on ly  answering and speak ing  when it is  spoken to. 
I n  terms o f  l i f t - o f f  and  l i f t - o f f  t i m e  -- launch 
t i m e  -- t h i s  imposes a ve ry  i m p o r t a n t  c o n s t r a i n t .  One of 
the  major c o n s t r a i n t s ,  one of t h e  major problems w e  have t o  
g rapp le  w i t h  i s  l i f t - o f f  on t i m e .  And I t h i n k  now you can 
begin  t o  see one of the  probllmns t h a t  w e  have t o  g r a p p l e  w i t h .  
. 
t 
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I f  w e  could launch on t i m e  i n  t h e  sense  of coming 
o f f  t h e  s u r f a c e  o f  t h e  E a r t h ,  going d i r e c t l y  t o  t h e  target,  
t h a t  i s ,  w e  launch when t h e  target  i s  d i r e c t l y  overhead 
almost, and go  r i g h t  t o  it, i f  t h a t  i s  what w e  c a l l  launch  
on t i m e ,  then  i f  w e  launch only 2 4  minutes l a t e ,  it t a k e s  a 
whole day t o  c a t c h  up -- 24 hours ,  16 orb i t s .  
I n  terms o f  du ty  c y c l e s  f o r  t h e  men, i n  terms of 
keeping them busy, keeping t h e i r  a t t e n t i o n  up. w e  f e e l  t h a t  
w e  d o n ' t  want  t o  spend much more t i m e  t han  t h i s .  And so 
w e  have accepted  a c o n s t r a i n t  something on t h e  order of 24 
hours  a t  least  f o r  t h e  p re sen t .  
Don't ho ld  m e  t o  t h a t  24  hours  too t i g h t l y ,  because 
t h e r e  are s i t u a t i o n s  where w e  might d i f f e r  from t h i s .  I am 
emphasizing here t h e  important  c e n t r a l  concepts .  I f  I can 
have you wi th  m e  a l l  t h e  way through t h i s ,  I t h i n k  I w i l l  
have achieved what I tried t o  do, and I t h i n k  you w i l l  be 
i n  a p o s i t i o n  t o  d i g  i n t o  it more deeply  if you care t o  w i t h -  
o u t  having t o  un lea rn  a l o t  o f  t h i n g s .  
F i n a l l y ,  when the  phase r e l a t i o n s h i p  is approximately 
what w e  want it t o  be, the s p a c e c r a f t  t hen  w i l l  t h r u s t ,  it 
w i l l  a c t u a l l y  be po in ted  so t h e  crew can  see the target 
v e h i c l e .  I t  w i l l  t h r u s t  using t h e  a f t - f i r i n g  t h r u s t e r s ,  
make a pos ig rade  maneuver, w i l l  go i n t o  a t r ans l f e r  o rb i t .  
AS it travels t h e  ta rge t  v e h i c l e s  t rave l  around w i t h  it U- 
til they  meet over here. 
make some k ind  of a maneuver so as t o  pu t  i t  i n  t h e  same o rb i t  
r i g h t  i n  f r o n t  o f  t h e  Agena. 
A t  t h a t  t i m e  t h e  s p a c e c r a f t  must 
QUESTION: Does t h a t  go i n  f r o n t  o r  back o f  it? 
HAMMERSMITH: It w i l l  go i n  f r o n t .  I t  seems more 
n a t u r a l  t h a t  it should  go behind. There i s  a long h i s t o r y  
as t o  why it goes i n  f r o n t .  
I wonder i f  you would l e t  m e  beg of f .  I t  is  q u i t e  
involved .  It  has  to  do wi th  t h e  v a r i o u s  eng inee r ing  des ign  
c o n s t r a i n t s ,  p a r t i c u l a r l y  as they  p e r t a i n  to the t a r g e t  v e h k l e  
QUESTION: But they w i l l  b2 going f o r w a r d a m  they  
s t a r t  t h e  t r a n s f e r  o rb i t?  
HAMMERSMITH: T h a t  ' s r i g h t  . 
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QUESTION: They w i l l  go underneath t h e  Agena and 
i n  a sense  over take  it, g e t  ahead of it? 
HAMMERSMITH: G e t  ahead o f  it. 
QUESTION: And t u r n  around? 
HAMMERSMITH: Turn around. 
QUESTION: A f t e r  t hey  ove r t ake  it? 
HAMMERSMITH: A f t e r  t hey  ove r t ake  it they  w i l l  make 
a pos igrade  maneuver o u t  here. 
t h a t ,  t hey  would come back down l i k e  t h i s ,  back t o  where t h e y  
s tar ted from h e r e ,  back where they  s tar ted t h a t  maneuver, 
executed t h a t  maneuver. G o  around, down l i k e  t h i s .  
You see, if t h e y  d id  n o t  do 
So it i s  necessa ry  t h e n  t o  make a n o t h e r  pos ig rade  
maneuver so t h a t  t hey  c i r c u l a r i z e .  
ical .  They should  be w i t h i n  a m i l e  o r  so. My c o l l e a g u e s  
w i l l  c o r r e c t  m e  i f  t h a t  i s  n o t  t r u e .  Ed?  Something l i k e  a 
m i l e  o r  t w o .  
The t iming  i s  ve ry  C r i t -  
A t  t h a t  p o i n t  w e  can afford t o  waste a l i t t l e  
f u e l  and f i n i s h  it up o p t i c a l l y .  T h i s  i s  w h a t  happens. 
A t  t h a t  p o i n t  you c a n ' t  to lerate  t h a t  k ind  of e f f i c i e n c y  
t o  have a man guess ing  and f l y i n g  a l l  over t h e  l o t  because 
it costs a l o t  of f u e l  t o  maneuver i n  space .  Th i s  i s  a 
c o n s t r a i n t  t h a t  I d id  n o t  mention. I t  is  t h e  f a c t  t h a t  t o  
make maneuvers i n  space  t a k e s  a n  ex t remely  l a r g e  amount of 
f u e l  campared t o  what it takes,  s a y ,  t o  f l y  an  airplane 
on similar t y p e s  of  maneuvers n e a r  t o  t h e  Ea r th .  
I t  costs us  f i e r c e l y  for e v e r y  pound o f  f u e l  t h a t  
w e  pu t  up. W e  do n o t  have t h a t  k i n d  of c a p a c i t y  on t h e  
Gemini s p a c e c r a f t  and w e  w i l l  n o t  have it on any of OUT 
s p a c e c r a f t  f o r  some t i m e  to come. 
SO great emphasis i s  p l a c e d  on e f f i c i e n t  maneuvers, 
e f f i c i e n t  O f  f u e l ,  e f f i c i e n t  of energy.  When t h e y  are SO 
close t o g e t h e r ,  t hen  t h e s e  l a w s  of space  mechanics d rop  
o u r  ene rgy  requi rements  down t o  such  a l o w  level  t h a t  w e  
can a f f o r d  t o  be a l i t t l e  w a s t e f u l .  
t h i s  po in t  t h a t  t h e  men i n  t h i s  t h i n s  become r e a l l y  c r i t i ca l .  
1 might  add it is a t  
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W e  know -- we have had a l o t  of s t u d i e s  -- w e  know 
But t h a t  w e  can b u i l d  an unmanned system t o  do a l l  of  this. 
when you g e t  t o  t h a t  p o i n t  r i g h t  there, t r y i n g  t o  do it 
au tomat i ca l ly ,  or  under remote c o n t r o l  from the  ground, it 
gets t o  be a whopping big development problem, and nobody 
has  been w i l l i n g  t o  tackle it. 
I t  takes advantage of t he  unique k inds  of  c o n t r o l  
And i f  w e  are going capabi l i t ies  of which men are capable.  
t o  do t h i s  k ind  of m i s s i o n ,  if t h i s  k ind  of mission i s  i m -  
p o r t a n t ,  and w e  t h i n k  it is, t h i s  i s  a good reason f o r  having 
men i n  t he  space program o r  men i n  space.  
I want t o  s t a r t  i n t o  a more complex phase. A r e  
there any more q u e s t i o n s  i n  t h i s  a r e a ?  
QUESTION: I j u s t  d o n ' t  understand your r e f e r e n c e  
t o  24 minutes,  2 4  minutes l a t e ,  what it means. 
HAMMERSMITH: What I am say ing  i s ,  and the r e l a t i o n -  
s h i p  I gave youl which maybe I s l i p p e d  over too f a s t ,  i s  t h a t  
for every  minute  l a te  it takes an hour  of catch-up t i m e .  
QUESTION: That i s  wi thout  f i r i n g ?  That is simply 
by v i r t u e  of  their orbits? 
HAMMERSMITH: No matter what you do a t  the  a l t i t u d e s  
w e  are t a l k i n g  about ,  w i t h  t h i s  s p a c e c r a f t ,  no matter what 
you do, you c a n ' t  change t h a t  rate by much more. 
change t h a t  t i m e  d i f f e r e n c e  by much more than  something l i k e  
a minute-and-a-half. 
You c a n ' t  
M r .  A l l e r ,  when he t a l k s  about  t h e  Gemini 6 miss ion  
i n  p a r t i c u l a r ,  is going t o  show some of the p o s s i b i l i t i e s  
here. But on the  average, what I am t r y i n g  t o  do is g i v e  you 
a feel for  the  k ind  of t h ings  w e  are up a g a i n s t .  
QUESTION: 
t h e r e .  A r e  t hey  doing their own computing, or is t h a t  be ing  
done on t h e  ground? 
You spoke of how e s s e n t i a l  the men are 
HAMMERSMITH: M r .  A l l e r  w i l l  take t h a t  up. 
E s s e n t i a l l y ,  up t o  t h e  po in t  where they  s ta r t  t h i s  t r a n s f e r  
o rb i t ,  the orbi ts  are being kept track of on t h e  ground. 
The computing is  being done a t  the  c e n t r a l  computing f a c i l i t y  
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a t  the Manned S p a c e c r a f t  C e n t e r  n e a r  Houston. From here on 
the  on-board radar and t h e  on-board computer w i l l  take o v e r  
and c a r r y  o u t  -- t e l l  t h e  crew what types of c o r r e c t i o n s  to 
make dur ing  t h i s  t r a n s f e r  o rb i t ,  and they  w i l l  f i n a l l y  t a k e  
over u s i n g  e n t i r e l y  t h e  t y p e s  of v i s u a l  cues  t h e y  can  get 
by looking  o u t  the  window. 
QUESTION: Assuming e v e r y t h i n g  goes off on t i m e ,  
G e m i n i  i s  go ing  t o  be below and beh ind  t h e  target  v e h i c l e ,  
r i g h t ?  
HAMMERSMITH: Y e s .  
QUESTION: How far below and behind?  
HAMMERSMITH: L e t ' s  l e t  Bob A l l e r  take t h a t  one up. 
ALLER: I w a s  go ing  t o  s u g g e s t ,  many of these 
q u e s t i o n s  w i l l  be covered  later.  
HAMMERSMITH: Y e s .  If it is n o t  the t y p e  of t h i n g  
t o  c l a r i f y  what I have covered  so far,  l e t  it w a i t .  I t h i n k  
it w i l l  be covered. W e  w i l l  have a q u e s t i o n  and answer 
p e r i o d  af ter  e v e r y t h i n g .  
We have been t a l k i n g  abou t  what happens i n  t h e  
p l a n e  of the orb i t ,  what happens when a s p a c e c r a f t  i s  i n  
o rb i t  about  a body l i k e  t h i s .  I t  is  in a p l a n e .  
L e t ' s  s a y  w e  have o u r  target v e h i c l e  up there, 
and w e  t a k e  a look a t  the s i t u a t i o n  and w e  r e a l i z e  t h a t  our 
l aunch  pad is  back here on t h e  s u r f a c e  of the  Ear th ,  and  
tha t  t h a t  l aunch  pad is r o t a t i n g  l i k e  t h i s ,  making t h a t  
k ind  of a p a t t e r n ,  and o u r  target  is g o i n g  around l i k e  t h i s  
( i n d i c a t i n g )  . 
(Slide. 1 
In terms of t h e  big p i c t u r e ,  o u r  t a r g e t  i n  o r b i t  
takes about an hour-and-a-half  t o  go around.  
where our  men are takes abou t  2 4  hours  t o  go around the  
E a r t h  -- it i s  go ing  w i t h  t he  E a r t h  -- t o  go around t h i s  
p o i n t .  If we cou ld  mark it i n  space, go  around,  back, come 
back around, it takes 24 hours .  
The l aunch  pad 
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For an o r b i t a l  range such as t h i s  one arranged,  
there are t w o  t i m e s  when w e  can convenient ly  ge t  i n t o  t he  
p lane  of ou r  target ,  t h i s  time and t h i s  t i m e  ( i n d i c a t i n g ) .  
I have mentioned t h a t  it is  very expensive of f u e l  
t o  f l y  o u t  of plane ,  t o  go up and down, and so t h e  choice 
tha t  w e  are pract ical ly  driven t o  is t h a t  w e  must launch a t  
such t i m e  as ou r  s p a c e c r a f t  on the  pad comes i n t o  o r  n e a r  
t h a t  plane of t h e  target. 
T h i s  imposes the  second very important  c o n s t r a i n t  
on a rendezvous problem. I mentioned the  catch-up bus iness .  
I f  you w i l l  bear i n  mind tha t  one of t he  other c o n s t r a i n t s  
has t o  do w i t h  t h e  f a c t  t h a t  t h e  launch pad is moving w i t h  
t h e  Ear th ,  makes a complete c i r c u i t  once per day, t h e  target 
is  i n  ano the r  kind of pa th ,  t ak ing  about  an hour-and-a-half 
t o  make i ts  t r i p .  
If you t u r n  t o  the ugly side of my model, t h i s  is 
approximately the  s i t u a t i o n  I have depic ted .  If w e  lower 
t h i s  somewhat, you see t h a t  t he  t w o  p o i n t s  come very close 
together, and f i n a l l y  there is a t i m e  where there is  only  
one p o i n t  i n  t h e  t a r g e t  o rb i t  where t h e  launch pad touches 
it. 
QUESTION: That i s  per  day? 
HAMMERSMITH: P e r  day. And i f  w e  go t o  the ex- 
treme case, there is  no t i m e .  T h a t  is ,  for a pad located as 
our  pads are. 
(S l ide .  1 
A l l  Gemini rendezvous missions are arranged i n  
such a manner t h a t  t h e  t a r g e t  vehicle is arranged i n  approx- 
imate ly  t h i s  posit ion.  
t o  g i v e  us every l a s t  second o r  minute of launch window 
t i m e  so t h a t  t h i s  i s  n o t  arranged e x a c t l y  so. 
There are a l l  k inds  of games played 
M r .  A l l e r  w i l l  t a l k  about  some of those t h i n g s  
t h a t  w e  do. 
v e h i c l e  as it is  launched, of provid ing  some plane  change 
c a p a b i l i t y  t o  the  spacecraft, and you can also p lay  some 
games w i t h  t h e  Agena s p a c e c r a f t ,  one of which I mentioned 
t o  you. 
They inc lude  such t h i n g s  as s t e e r i n g  t h e  launch 
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Now I would l i k e  t o  t a l k  a minute abou t  t h e  launch  
azimuth problem. You w i l l  hear the term " v a r i a b l e  launch"  
azimuth. I f  t h e  target  i s  i n  an o rb i t  such  as t h i s ,  and 
i s  on t h e  descending  p o r t i o n  of i t s  t r i p  as it comes o v e r  
t h e  Cape, t h e n  w e  w i l l  l aunch  i n  a s o u t h e a s t e r l y  d i r e c t i o n .  
(Slide.)  
I f  w e  happen t o  be on t h e  o t h e r  side and it is  
conven ien t  t o  launch  when t h e  target w i l l  be on t h e  a scend ing  
p o r t i o n  of i ts  t r i p ,  t h e n  w e  w i l l  l aunch  i n  a n o r t h e a s t e r l y  
direct ion.  
(Slide.  ) 
And a l aunch  azimuth is  s imply  t h e  a n g l e  between 
t r u e  n o r t h ,  measured a t  the Cape i n  t h e  h o r i z o n t a l ,  and t h e  
d i tec t ion  i n  which w e  a c t u a l l y  f l y  o u t .  Azimuth is a c t u a l l y  
a g e n e r a l  term. Converted i n t o  other contexts,  it may be 
measured i n  o t h e r  d i r e c t i o n s  t h a n  n o r t h .  For u s  it is n o r t h .  
(Sl ide.  1 
L e t ' s  go back t o  t h i s .  I would l i k e  t o  t a l k  a 
moment abou t  how w e  g e t  these odd traces t h a t  are on t h e  
maps t h a t  you are handed o u t .  
maps wi th  t h e  o r b i t  traces? I a m  s u r e  a l l  of you have. 
Have a l l  of you s e e n  these 
That i s  caused  a g a i n  by t h e  fact  t h a t  t h e  E a r t h  
t u r n s  undernea th  t h e  o r b i t  w h i l e  t h e  o r b i t  remains  rela- 
t i v e l y  f i x e d  i n  space. For example,  i f  w e  assume t h a t  t h i s  
l i n e  i s  drawn here as t h e  spacecraft comes o v e r ,  as it goes 
around back t h e  E a r t h  w i l l  t u r n  and w e  can  draw a n o t h e r  l i n e  
l i k e  t h i s ,  b u t  it w i l l  be somewhat behind .  L e t  m e  i l l u s t r a t e  
t h a t  over here . 
Can you a l l  see t h a t  b u l l s e y e ?  L e t  u s  s a y  w e  have  
a p e n c i l  e x t e n d i n g  from t h e  spacecraft t o  Ea r th ,  and w e  are 
go ing  to  draw a l i n e  around the  globe as it g o e s  around.  
As w e  a r e  drawing t h a t  l i n e ,  t h e  E a r t h  i s  t u r n i n g  s l i g h t l y ,  
and I am going  t o  e x a g g e r a t e  t h i s  now, come back around, 
and w e  have come back behind  o u r  l a u n c h i n g  p o i n t ,  j u s t  due 
a 
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t o  t h e  s imple fact  t h a t  t h e  E a r t h  t u r n e d ;  the  p lane  of t h e  
o r b i t  d id  not .  
I f  you are a mapmaker and you have to g e t  t h a t  
odd t h i n g  onto  a f l a t  sheet of paper, you g e t  t h i s  k ind  of 
p i c t u r e  . 
(Slide.)  
I f  you took off i n  t h i s  manner, came back around, 
by t h e  t i m e  you came back these  l i n e s  r e p r e s e n t  -- these 
l i n e s  -- the  f i x e d  p o s i t i o n  of the p lane  of the s p a c e c r a f t ,  
and t h e  fact  t h a t  they are separa ted  r e p r e s e n t s  the amount 
t h a t  the  Ea r th  has turned  underneath and t h e  t i m e  it takes 
t o  go around and back. 
A related problem t h a t  has been causing a l o t  of 
t r o u b l e ,  and i n  t h i s  case the news media are n o t  a lone ,  it 
has caused us a l o t  of confusion because w e  are beginning 
t o  run o u t  of words f o r  a l l  these concepts.  I mentioned 
t h a t  t he  p e r i o d  of t h e  orbi t  is t h e  t i m e  it takes to go 
from p e r i g e e  t o  per igee .  I t  can be reckoned i n  other ways. 
Let's t a k e  t h a t ,  360 degrees  around, from p e r i g e e  
t o  perigee. L e t ' s  c a l l  that  the orb i ta l  period. That is 
very  convenient  as long as you qre i n  space.  But w e  require, 
ou r  t r a c k i n g  network r equ i r e s ,  o u r  recovery forces r e q u i r e ,  
a system of reckoning t h a t  is t i ed  t o  the  Earth.  And t h i s  
problem of the  Ea r th  r o t a t i n g  underneath,  and of us keying 
i n  much of ou r  work to  t h e  E a r t h ' s  s u r f a c e ,  has l ed  us  t o  
ano the r  t ype  of pe r iod  i n  a way, and i t  is t h e  meridian l i n e  
a t  t h e  Cape, as it goes through t h e  Cape. 
I t h i n k  I can expla in  t h i s  best using t h i s  globe.  
L e t ' s  take our  meridian l i n e  a t  the Cape. Our o r b i t  is some- 
what  f l a t te r .  And l e t ' s  say t h a t  t h e  bracket here is  o u r  
measuring p o i n t  i n  space.  
I t  w i l l  n o t  change. Our target v e h i c l e  goes around 
once and t h a t  is  the  o r b i t a l  period. However, the E a r t h  
has tu rned  a s m a l l  amount and i f  we are count ing r e v o l u t i o n s  
as measured along t h i s  meridian l i n e ,  then it w i l l  take us 
a l i t t l e  b i t  l onge r ,  about  s i x  minutes  longe r ,  as a matter 
of fact ,  to  get to t h a t  meridian l i n e .  
20 , 
To save  confusion w e  have been c a l l i n g  t h a t  a 
revolu t ion .  
revolu t ion .  When you hear t h e  t e r m  " r evo lu t ion"  -- and t h i s  
is  t h e  common one t h a t  w e  use;  some of us may s l i p  and say 
" O r b i t "  -- t h e  normal t h i n g  t h a t  is  r e l e a s e d  t o  t h e  press 
is  t h a t  per iod ,  t h e  period of r evo lu t ion ,  t h e  t i m e  t o  go 
f r o m  meridian l i n e  through t h e  Cape and back to  it. 
So w e  have an o r b i t a l  period and a period of 
May I have t h e  l i g h t s ,  please? 
I have one other t h i n g  by r eques t .  T h i s  came up 
too l a t e  to  make a s l ide.  The term "Delta V", w e  a l l  use  
it when w e  d i scuss  these maneuvers. T h i s  symbol Delta 1s 
t h e  Greek  le t ter  Delta which has been used i n  the  mathematics 
of d i f f e rences ,  t o  mean a d i f f e r e n c e ,  t o  mean an increment  
or t o  mean a decrement. The "V" s t a n d s  for  v e l o c i t y .  
I t  t u r n s  o u t  when w e  
or  when w e  s tudy what k inds  of 
has  become convenient  t o  speak 
v e l o c i t y  tha t  i s  requ i r ed ,  t h e  
requi red  for  the  maneuver. 
make these k inds  of maneuvers 
maneuvers t o  make, w e  f i n d  it 
i n  terms of t h e  change i n  
change of v e l o c i t y  t h a t  i s  
T h i s  do-sn ' t  always mean t h a t  you w i l l  always be 
able t o  see a change i n  v e l o c i t y ;  rather, it is a measure 
of the  energy t h a t  must be p u t  i n t o  t h i s  s i t u a t i o n  by way 
of the  s p a c e c r a f t  t h r u s t e r s  t o  execute  t he  maneuver. 
A related concept  is  the  Delta V or the  energy 
p o t e n t i a l  of the s t a g e ,  or  a s p a c e c r a f t ,  and aga in  w e  use  
t h e  term Delta V t o  express t h e  energy c a p a b i l i t y ,  and i n  
a sense Del ta  V is almost say ing  how many g a l l o n s  of f u e l  
you have i n  your gas tank.  Except t h a t  it is  related t o  
t h e  weight of t h e  veh ic l e .  And if as you use up f u e l  you 
change the weight of your  spacecraft r a d i c a l l y ,  then it i s  
Del ta  V, t h e  Delta V p o t e n t i a l  of t h e  remaining f u e l  changes.  
That i s  about  where I thought  I would s h u t  off. 
I hope t h a t  I have given you a r easonab le ,  adequate  rundown 
of some of t h e  b a s i c  terms, some of the  basic concepts .  
I would l i k e  now t o  t u r n  the  microphone over  t o  
M r .  Robert A l l e r ,  who w i l l  d i s c u s s  t h e  Gemini 6 miss ion ,  
t h e  f i r s t  G e m i n i  rendezvous,  and w i l l  p u t  some specifics on 
some of these concepts and w i l l  t e l l  you how w e  have attacked 
some of these problems i n  t h e  Gemini 6 miss ion  S p e C i f l C a l l y ~  


n 


/ 
I 
I 
0 
L 
(3- z 
0 
V 
0 
LL 
PL 
0 
I 
W cs 
PL 
m 
I 4 
+ 
LL 
a 
m 
0 I 
U 
P L -  

> 
L 
4 



N 
r-' -
L, 
T 
f 
a! 
t- 
CIL 
0 
dl 
I 
T 
9 
c 
0 
cri 
cv Q) *. 
c 
0 
0 
(v 
* -  u 
0 
0 
0 
I- 
e 
0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I : 
T 
1 
21 
ALLER: I always appreciate these comments from 
my boss. 
What John Hammersmith has defined for you here, 
or described for you, I think is what we intended to do. I 
have heard the comments from the press; the rendezvous is a 
difficult mission, we are told. What we are trying to do 
today is to describe to you why we feel it is difficult. My 
portion of the presentation, hopefully, will describe how 
we hope to overcome some of the constraints, primarily the 
time constraints of a rendezvous in space. 
The major problems we have, of course, as John 
described them, are the phase problem and the plane problem. 
The phase problem is the proper relationship of the space- 
craft with the target vehicle. And the plane problem, of 
course, is being in the plane of the target vehicle. 
What we will talk about with the time consraint 
that we do have is pretty much the nominal mission. I would 
like for all of you to understand that with the dispersion 
we anticipate, we do anticipate some dissipation from the 
nominal. 
QVESTION: Will you define what you mean by dis- 
persion? 
ALLER: Yes, sir. A dispersion, we speak in 
terms of probability on dispersions. I guess simply I can 
say that the systems are built witbin certain specifications. 
Each system within a booster, each system within the space- 
craft, has certain tolerances, and as long as they remain 
within these tolerances we feel they are meeting their spec. 
However, when we combine these tolerances together we can 
come up with a dispersion. And a dispersion might mean so 
much velocity off at insertion, so much flight path angle, 
or the direction in relation to local horizontal, so much 
dispersion in aititude at insertion, or at one of our maneu- 
vers. 
QUESTION: It is a departure of some sort is what 
you want? 
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ALLER: From the nominal, that is correct. And 
we anticipate this and expect this. 
I might point out, we have it on every mission. 
We have nominally several thousand feet off at insertion -- 
two and three thousand feet; a few feet off at delta V. 
These are within specifications of the systems. 
So we will be talking about the nominal mission. 
I will run through briefly what I hope to cover. I will 
go a little bit into mission design and criteria for this 
particular mission, a criterion by which we selected the 
profile we have come up with. Then I will talk in some 
detail about the launch phase, what I have defined as the 
mid-rendezvous phase or the mid portion of the mission, and 
then the terminal rendezvous phase, touch briefly on the 
crew backup procedures that we have developed, and then Just 
wrap up the mission for the remainder of the two-day flight. 
(Slide. 1 
Our design criteria for a successful rendezvous 
isn't as obvious as i t  may appear at first. We could have 
had varic-2s criteria. We could have had energy criteria, a 
time criteria, the amount of fuel we want to use. We could 
have constrained the point at which we hope to rendezvous. 
For instance, we could have attempted to rendezvous at first 
apogee, or on the first orbit. However, because this is the 
first go-around and we do realize it is a most difficult 
f e a t ,  we have hopefully designed the mission around a high 
probability criterion. 
A high probability, as indicated, is flexibility, 
Flexibility means that we can deviate from the nominal and 
still perform a successful mission with the least amount of 
complexity. 
The dispersions I have gone through very briefly, 
we feel the profiles we have generated allow reasonable dfs- 
persions and allow our overcoming these dispersions with the 
spacecraft systems and launch vehicle systems, et cetera. 
Terminal phase is the final portion of the mission. 
I had better not say the most critical portion. A most 
23 
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critical portion of the mission. We hope to define a mission 
or a profile of a mission that would allow us a standard type 
terminal phase. In other words, anyplace that we initiated 
our final transfer, regardless of dispersions, we would have 
a standard maneuver for the astronauts to perform, and we 
have come up with this. 
Finally, we wanted a rendezvous that we could pro- 
vide backup to, backup coming from the astronauts themselves 
with some on-board calculations and comparisons. The profile 
that I will describe provides this capability. 
I will touch briefly on the types of rendezvous 
missions. 
(Slide. ) 
Of course, there are innumerable types available. 
The ones that we concentrated on, as I have indicated here, 
are the tangential rendezvous at first apogee, and what we 
term the coelliptical. Very briefly, the tangential type 
of rendezvous is simply launching the spacecraft into an 
orbit that is tangent to the target orbit at some point. 
This is the Earth target orbit. This is the Agena 
going around the Earth. The tangential type of rendezvous 
would be launching directly into this type of orbit (indi- 
cating). We are tangent at one point and that would be the 
rendezvous point eventually. 
The second one, the rendezvous at first apogee, 
, A J  time you arrive at this point. It is very constraining in 
is to time your launch so that you could rendezvous the first 
fuel, on-board fuel capability. It allows very little 
flexibility in maneuvering as does the normal tangential. 
The coellipticalmaneuver is the one we have 
concentrated on and the one we will fly for Gemini 6 .  Co- 
elliptical, as described by Mr. Hammersmith, we launch into 
an orbit that  is inside the target orbit. It is coelliptical 
to the target orbit. 
Touching briefly on the final statement, say day 
versus consecutive day launches, we studied briefly the type 
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of mission where we would launch the Agena one day and then 
launch the spacecraft on the following day, and we very quickly 
found that our probability of a successful mission, our prime 
criteria, was higher if we would count dowg both vehicles 
simultaneously. The purpose I think, or the reason, the 
rationale behind this, is fairly obvious. The countdown b 
a very critical portion of the mission. If we reach any 
hold while we are counting down the Agena, we can call the 
same type of hold on the spacecraft, and we can hold the 
spacecraft until the Agena is ready, or vice versa. And then 
when we launch the Agena, only ninety minutes or one hundred 
millutes before we Paunch the spacecraft, we have just that 
Delta T in time, or that time lapse in which we need to make 
up for any problem on the Agena launch or any hold in the 
spacecraft. 
I will touch very briefly on the mission itself. 
I would like to add that my little pitch here will be sum- 
marized with a nine-minute movie that I think will give you 
a pretty good idea of what the mission looks like, the 
nominal mission. We are going to launch on the 25th at 
1000 Eastern Standard Time the Atlas-Agena. 
At 1141 Eastern Standard Time we launch the 
Gemini-Titzn, about 100 minutes later. 
We will effect the rendezvous about five hours 
and forty minutes after spacecraft launch at 1721 Eastern 
Standard 'Time on the 25th. 
A t  0600 on the 26th we plan to separate from the 
Agena. That is about eighteen hours into the mission. 
At 0950 on the 27th, the second day, we will 
retrofire and we will land at 1027 in the Eastern Atlantic. 
That is on the 30th revolution, approximately 46 hours and 
40 minutes after liftoff. 
QUESTION: Will you give those hours again, please? 
ALLER: Starting with which one? 
QUESTION: A l l  of them. 
1 
I 
25 
ALLER: Could I hold this until our question and 
answer -- well, if it is convenient now, I will go through 
it again. 
1000 EST, Atlas-Agena. 
1141 EST, Gemini-Titan. 
1721 EST, rendezvous and dock. 
0600, separate from the Agena. This is on the 26th. 
0950 on the 27th, retrofire. And 1027, landing. 
Because you are jotting these down I will emphasize, 
this is a real-time mission. And we plan to fly it in real 
time. That is why one of our criteria is flexibility. As you 
know, any of you who followed the Gemini 5 mission, we do a 
lot of planning in real time to allow for any problems or 
dispersion. These times are the ultimate or the nominal times. 
If I may, I will launch into the launch window, 
or launch phase, to more correctly say. 
(Slide. ) 
Again let me emphasize the two major problems we 
are trying to solve in rendezvous is plane and phase. One 
of t he  most critical times we can solve this problem is at 
the instant of launch. 
There are several techniques we could employ to 
solve this problem: In the on-time launch, a variable azimuth 
launch -- what we call yaw steering of the Atlas-Agena and 
the Gemini-Titan -- and the on-board spacecraft and Agena 
capabilities. As I get into it you will see that we are using 
all of these capabilities t o  solve our problem and reduce some- 
what the constraints of this critical launch time, critical 
orbit determination, critical orbit definition. 
We feel we have taken maximum advantage of the 
spacecraft systems as well as the launch vehicle systems to 
enable us to do this. The desired condition we are looking 
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for, as Mr. Hammersmith described, at launch of course, is 
to have the Agena -- very briefly we have launched the Agena 
about one hundred minutes earlier. We want the Agena to be 
back over the Cape properly placed, relationship-wise, phase- 
wise we call it, when we launch the Gemini, and in addition 
to that we want to be able to launch the Gemini into that 
plane. And it is a critically-timed operation. 
This first chart -- I will apologize, but I think 
I can talk better from over here; for one reason, I can see 
it -- this first chart describes both Atlas yaw steering as 
well as Gemini-Titan yaw steering. I will go into the Agena 
first and try to describe why we are yaw-steering the Atlas- 
Agena. 
You can ignore everything on this but the 
dotted orbit at this time and the solid orbit, and of course 
the Earth is rotating. 
To solve the phase problem, we need to have an 
orbit with exactly the right period so that the period of the 
Agena when it traverses the Earth will come back and be right 
at the right place at the right time. We have other con- 
straints, such as attitude limitations, drag limitations, 
et cetera, such that if we launched into this dotted orbit, 
which would bs an orbit in which we had no yaw steering, this 
plane would pass over the Cape represented by this line at a 
time in which the spacecraft in that orbit would be improperly 
placed, which means the spacecraft would be not at the right 
place in relation to the Cape to launch the Gemini. In this 
case I think it would be ahead. 
Therefore, if we can delay the time the spacecraft 
would be behind, it would be that far behind in this orbit at 
the time the launch pad came through that plane. Therefore, 
if we can delay the plane's passage over the Cape, we can 
effect a wider launch window. And to delay that passage of 
the plane we simply rotate the plane by doglegging or providing 
yaw steering, which effectively moves this plane four degrees 
to the east, and when the Earth rotates then, or when the 
spacecraft goes around the Earth, it has a longer period of 
time to pass over the Cape while the target vehicle is in the 
proper position in that orbit. 
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E f f e c t i v e l y  i t  works o u t  t o  be about s i x t e e n  
minutes  of launch window yaw-steering t h e  Atlas-Agena pro- 
v ides .  
Another technique t h a t  is  employed to  p rov ide  a 
wider  launch window is v a r i a b l e  launch azimuth. M r .  
H a m m e r s m i t h  described t h i s  b r i e f l y  also,  and I t h i n k  i t  is 
f a i r l y  clear on t h i s  p a r t i c u l a r  chart t h a t  a t  t h i s  p o i n t  w e  
are r i g h t  i n  p l ane .  That  would be a perfect launch t i m e .  
T h i s  would be a p e r f e c t  launch t i m e .  
However, i f  w e  have a v a r i a b l e  azimuth,  we can  
p a r a l l e l  a t  least t h e  p l ane  a t  any p o i n t  between here and 
here. A t  t h i s  p o i n t  you can see w e  would be i n s e r t i n g  j u s t  
a l i t t l e  b i t  n o r t h  of east. A t  t h i s  p o i n t  w e  would be in-  
s e r t i n g  a l i t t l e  b i t  sou th  of east. And t h i s  is what a 
v a r i a b l e  launch azimuth allows u s  t o  do. 
B a s i c a l l y ,  as you know, t h e  Gemini-Titan is 
launched and t h e n  i t  is rol led t o  its azimuth,  and t h e  
az imuths  w e  are us ing  fo r  Gemini 6 are from about 80° t o  
1 0 5 O .  
0f these azimuths,  and w e  u s e  t h i s  f l e x i b i l i t y .  
We therefore have t h i s  f l e x i b i l i t y  t o  launch on any 
The o t h e r  thsng -- 
QUESTION: How n ~ s h  x x l d  t h i s  widen t h e  launch  
window? 
ALLER: We d o n ' t  put a f i g u r e  on t h e  launch azimuth 
t o  widen t h e  launch  window. You c a n ' t  describe s i x t e e n  minutes  
here, n i n e  minutes  here, four minutes  here, i n  r e l a t i o n  t o  t3s 
azimuth i t s e l f .  We can  s a y  t h a t  w e  have a 25-minute window on 
which,  i f  w e  launch,  w e  w i l l  require no spacecraft maneuvers, 
to  p u t  u s  i n  t h e  p l ane  of t h e  Agena. However, i f  I may delay 
t h a t  j u s t  a l i t t l e  b i t ,  when  w e  get i n t o  t h e  very complex 
p i c t u r e ,  I must a d m i t ,  of the lacnch window, I t h i n k  you can 
see t h e  r e l a t i o n s h i p  of azimuth and why you c a n ' t  relate i t  
to  number of minutes  a v a i l a b l e .  
The o the r  c a p a b i l i t y  t h a t  w e  have u t i l i z e d  on 6 is 
yaw s t e e r i n g  a g a i n ,  the  Gemini-Titan when w e  launch.  P rev i -  
o u s l y  I was t a l k i n g  about yaw s t ee r ing  of t h e  Atlas-Agena. We 
i 
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are now t a l k i n g  about  t h e  T i t a n  v e h i c l e .  T h i s  is shown r i g h t  
here i n  two examples. Whereas, if w e  launched a t  t h i s  p o i n t ,  
i f  w e  had no yaw s t e e r i n g ,  w e  would go i n t o  a p l a n e ,  depic ted  
by t h e  d o t t e d  l i n e .  By yaw s t e e r i n g  or bending t h e  T i t a n  tra- 
jectory i n t o  t h e  p l a n e  of t h e  Agena, w e  can  launch d i r e c t l y  
i n t o  t h e  p l ane ,  even though o u r  t i m e  is no t  t h e  optimum. The 
optimum t i m e  f o r  t h a t  launch would have been r i g h t  h e r e .  
QUESTION: Why c o u l d n ' t  you have achieved t h e  s a m e  
o r b i t  t h a t  you ach ieve  w i t h  t h e  yaw s t e e r i n g  wi thout  yaw 
s t eer i ng? 
A L U R :  You cou ld .  The yaw s t e e r i n g  p r e v e n t s  U S  
having to u s e  ei ther t h e  Agena o r  t h e  spacecraft to  accom- 
p l i s h  t h i s .  What w e  are t r y i n g  t o  do by u s i n g  Gemini -- 
Titan, I should  say -- yaw s t e e r i n g ,  w e  are s a v i n g  t h e  f u e l  
w e  have aboard t h e  spacecraft f o r  t h e  c r i t i c a l  maneuver, t h e  
mid-course maneuver and t h e  t e r m i n a l  phase maneuver. we have 
some 636 fee t  pe r  second a v a i l a b l e  -- 670 feet per second 
available.  W e  want t o  s a v e  t h i s  f o r  once w e  are i n  o r b i t .  
Therefore, w e  u s e  yaw s t e e r i n g .  
We are  o u t  of p l a n e  here. The o n l y  way w e  c a n  
launch a t  t h i s  t i m e  and be i n  t h i s  p l a n e  is t o  steer i n t o  
that pJ-nqa. I t  is no t  correct t o  c a l l  i t  doglegging ,  bu t  
t h a t  e f f ec tZ- J s ly  is what i t  is. You launch  a t  one azimuth 
and t h e n  you bend around.  
QUESTION: T h i s  is because  of t h e  p h y s i c a l  l o c a t i o n  
on E a r t h  of your launch pad? 
ALLER: You are ve ry  much c o n s t r a i n e d  by your 
launch  pad. You have t o  launch ,  your launch  windows determj-me 
when you are r e l a t i v e l y  close t o  t h a t  p a r t i c u l a r  o r b i t .  When 
t h e  launch pad comes under your  o r b i t ,  t h i s  is your 'launch 
window. In t h i s  case, t w o  hour s  and twenty minutes  is sepre- 
s e n t e d  i n  t h e  first day  from abou t  here o n ,  On t h e  f o u r  
consecu t ive  d a y s  t h e  window r u n s  from about  here t o  here 
( i n d i c a t i n g ) .  
QUESTION: What is t h e  f o u r  degrees s l ewing  east? 
What d i d  you s t a r t  w i t h  and w h a t  d i d  you get'? 
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ALLER: That is what we call a biased launch 
azimuth. 
Q U E S I O N :  What is  the launch azimuth? 
ALLER: You mean the numbers? 
QUESTION: Yes. 
ALLER: The numbers that we are using on the Atlas, 
we are biased from 83.7 to 8 5 , 7 .  And on the GLV -- I failed 
to note them, but I can look them up real fast. It is about, 
I believe, four degrees bias. 
Do you have that number real fast, Ed? 
The nominal azimuth is close to 95, and I believe 
we are biasing it at about 92. If you will bear with me, I 
think I can find i t  for you real quickly. 
We are biasing from 94.9 to 92.8.  
QUESTION: On the launch azimuth, is there a 
specific limitation you place on it due to safety considera- 
t ions? 
ALLER: Would you repeat that? 
QUESTION: I s  your launch azimuth, the direction 
in which you can launch, do you set a specific limitation 
due to safety considerations? 
ALLER: Yes, sir. That 105O cutoff point is de- 
fined by Range Safety at Cape Kennedy. This is to prevent 
the constraining factor of the islands and the South American 
continent. The launch capability of the Titan is greater 
than 1050. But it is cut off there because of range safety 
considerations. 
QUESTION: Maybe I missed it. Maybe you are just 
about to get to it. How long do you have to launch? 
ALLER: I am just about to get there. 
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have described hopefully here to you the condition 
of Atlas steering, and Titan steering, and variable azimuth. 
The other condition I mentioned is the on-time launch. If we 
were insured of an on-time launch we wouldn't need any of 
these . 
(Slide. 1 
This is the chart, the thing, that I was talking 
about. 
(Laughter.) 
It is a very complex chart. I have broken some 
pieces of it out on another chart that I will call up in just 
a minute. However, briefly I will describe what I have here, 
which is the same-day launch capability described on this 
line, what we call first day, second day, third day, and 
fourth day. 
The little shadow boxes indicate when we are in 
phase, not in plane necessarily, but in phase, which means 
that the target is in the proper relationship to the Cape, 
that at our natural catch-up phase we can rendezvous with 
it. This represents just the time scale. 
T ' i i s  "W" curve, as we call it, represents the 
amount of payload capability, simply the amount of energy 
we use from the Titan to provide the yaw steering capability. 
These two points, the low points on the curve, represent 
this type of situation, where we have no yaw steering neces- 
sary. Ne are in plane. 
The maximum represents the maximum out of plane, in 
the parallel plane condition. 
This line represents our bias launch azimuth, 
depending on which time in this particular period you launch. 
If you pick out, just as an example, a first-day launch, f o r  
a fourth adogee rendezvous, you would have this situation. 
You would use this much yaw steering and launch on a biased 
azimuth of about 82O, it looks like. 
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Tnis scale represents the out-of-plane condition 
because the plane has now passed over the Cape and we are in 
this position over here, and we are in an out-of-plane condi- 
tion. It represents how many Delta V is required to resolve 
that out-of-plane capability. 
Earlier we talked about yaw steering. We have a 
total capability on the spacecraft of about 670 feet per 
second, which would put us right here. We are in this plane 
very quickly. However, if we use the spacecraft capability 
we would have nothing left to perform the rendezvous. 
In this particular portion of the window we will 
use the Agena to resolve that out-of-plane condition. We 
have a total on-board Agena capability of about 4750 feet 
per second. 
QUESTION: You are talking about fourth-day rendez- 
vous .  When you are mentioning this do you mean fourth day 
after Gemini is launched, or fourth day after Agena is launched, 
before Gemini can be launched? 
ALLER: Down here (indicating)? 
QUESTION: Yes. 
ALLER: Let me go  in'.^ that just a little bit. 
Our nominal mission is to launch on the same day 
that we launch the Agena -- 100 minutes later. The criteria 
we have established allow us to launch on five consecutive 
days. And if for some reason we would delay the Spacecraft 
liftoff clear through the launch window, approximately 22 
hours later we could pick it up right here -- 22 hours later 
from this point. We could pick up the launch on the next 
day, hopefully getting off, if we have a problem holding us 
two days, we could pick up the launch window at this point. 
We have basically five days, once we have fauzched the Agena, 
to get the spacecraft off and perform rendezvous. 
QUESTION: Are you taking into consideration the 
possible refueling of the Titan rocket, that you might not 
be able to launch within 24 hours? 
32 
t 2 
JLLER: We are t a k i n g  tha t  i n t o  c o n s i d e r a t i o n .  
The only  c o n s t r a i n t  -- not  t h e  on ly  c o n s t r a i n t ,  bu t  
a major c o n s t r a i n t  -- i f  w e  are far enough down i n  t h e  count  
of the  spacecraft t h a t  w e  reach t h e  p o i n t  where w e  have t h e  
second pre-valve opening i n  t h e  T i t a n  s y s t e m ,  t hen  w e  w i l l  
m i s s ,  I b e l i e v e  i t  is, t h e  t h i r d  day  of t h e  launch window 
because w e  have t o  replace these pre-valves .  T h i s  r e q u i r e s  
more than t h e  turn-around t i m e  permits  for  a second-day 
launch. 
If w e  reach t h i s  p o i n t  i n  t h e  countdown -- and I 
d o n ' t  have t h a t  f i g u r e ,  t h e  number of minutes  before w e  
open t h e  p re-va lves  -- i f  w e  reach tha t  p o i n t  and then  s c r u b ,  
w e  would m i s s  t h i s  p a r t i c u l a r  d a y  on which w e  would l i f t  o f f .  
QUESTION: Do t h e  f i v e  days  refer t o  t h e  lifetime 
of t h e  Agena i n  o r b i t ?  
ALLER: The f i v e  d a y s  refer to  t h e  expec ted  l ife- 
t i m e  of t h e  Agena, no t  t h e  l i f e t i m e  i n  o rb i t .  
The s y s t e m s ,  the  beacons,  t h e  a t t i t u d e  c o n t r o l  
c a p a b i l i t y ,  t h i s  t y p e  of t h i n g .  
QUESTION: Would you r e p e a t  t h e  number fo r  t h e  
Agena t h a t  you gave a f e w  minutes  ago? 
BLUR: 4750 feet per  second on-board c a p a b i l i t y .  
T h a t  is fo r  more than  one f i r i n g  of t h e  Agena. The Agena 
h a s  a c a p a b i l i t y  of more than  one f i r i n g .  Mul t ip l e  f i r i n g s  
i n  o rb i t .  And t h e  amount of f u e l  you have depends on whether  
you burn one b i g  burn or s e v e r a l  smaller burns.  
QUESTION: Could i t  be said t h a t  i f  you got t h e  
Agena up, and you had a problem w i t h  t h e  Gemini, you have 
f i v e  days from t h e  t i m e  you pu t  t h e  Agena up t o  still  carry 
o u t  your  rendezvous; bu t  after f i v e  d a y s  you can't act? 
ALLER: The Agena system was b u i l t  t o  p rov ide  t h i s  
f ive-day window. If w e  were t o  arrive at  a h y p o t h e t i c a l  situa- 
t i o n  t h a t  w e  dec ide  w e  c o u l d n ' t  get  off u n t i l  t h e  s i x t h  day ,  
I 
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I t h i n k  a real t i m e  d e c i s i o n  would be necessa ry .  We would 
monitor t h e  Agena to  see i f  t he  s y s t e m s  are still o p e r a t i n g  
proper ly ,  and a d e c i s i o n  at  t h a t  t i m e  would be made as to  
whether  w e  could launch the  s i x t h  o r  seven th  day. T h i s  
would wholly depend on t h e  s i t u a t i o n  a t  t h a t  t i m e .  
QUESTION: I thought i t  took a f u l l  day t o  re- 
cycle t h e  T i t a n .  
ALLER: I t  takes n ine teen  hours  from turn-around, 
is what has been developed by the  Cape test and e v a l u a t i o n  
people, to  allow u s  t h i s  capab i l i t y .  We have reduced t h e  
turn-around t i m e  t o  n ine teen  hours. T h i s  period, as I 
p o i n t e d  o u t ,  from scrubbing  at t h i s  p o i n t  t o  p i c k i n g  up 
t h e  launch a t  t h i s  p o i n t ,  is about 22 hours ,  and t h e  turn-  
around t i m e  is n i n e t e e n  hours.  
QUESTION: One more t h i n g ,  if I may. I c a n ' t  see 
t h e  small numbers from here. What is t h e  maximum window, 
t a k i n g  eve ry th ing  i n t o  c o n s i d e r a t i o n ,  on t h e  25th3 
ALLER: Two hours  and twenty minutes .  
QUESTION: You can't f i re  after 1225, then? 
ALLER: Is tha t  t h e  number? 1140 and t w o  hours  
and twenty minutes  is 1400, i s n ' t  i t? 
QUESTION: On t h e  to ta l  window, is that both or 
what?  
ALLER: The launch window w e  are u s i n g  fo r  these 
purposes  is de f ined  as t h e  t i m e  w e  have to get t h e  spacecraft 
off once t h e  Agena is i n  o r b i t .  It is up there going around. 
We have a window, w e  have t o  launch. 
( S l i d e .  ) 
T h i s  chart is a breakout of t h e  same-day launch 
of t h i s  p a r t i c u l a r  chart. The shaded area r e p r e s e n t s  t h i s  
shaded box, and t h i s  shaded area is r e p r e s e n t e d  here. Hope- 
f u l l y  i t  is a l i t t l e  b i t  clearer than  that  launch window d i s -  
p l a y .  The end number down h e r e  refers to  what apogee w e  
c 1.1 
,, , 
34 
would attempt rendezvous, with a liftoff corresponding to a 
particular time down here. 
QUESTION: You said two hours and twenty minutes. 
Is that counting from your 1141 or counting from your -- 
ALLER: That is counting from the 1141. If YOU 
subtract 100 from 240, it is about 140, or two hours and 
twenty minutes. 
Again let me say that this is under a given set 
of circumstances. There are maneuvers -- there could be 
maneuvers required because of an off-nominal Agena orbit 
that would significantly reduce this number. 
What we tried to depict here, then, is the first 
25-minute pane of the launch window. In this period of time, 
any time we launch in this 25 minutes we will require no 
plane change of the spacecraft or the Agena if we have zero 
dispersions. Basically what we are saying is the major plane 
change necessary for launching different than the nominal 
situation will be accomplished in yaw steering. If we launch 
in this period, we are going to have to accomplish the plane 
change with the Agena. 
If we delay another orbit basically, another ninety 
minutes, we will be back in phase again, but we will still 
require a plane change. 
Phase means the relationship of the target to the 
pad, and plane means the relationship of the plane the target 
is in. 
At this point is about the 4750 I was talking about 
on the Agena capability. (Indicating) 
Very briefly to point out another constraint we 
have here, and that is the way Mr. Hammersmith described we 
accomplish the catch-up, we accomplish this by a difference 
in the period of the two orbits. And of course, for every 
hundred seconds delay we delay the -- the natural catch-up 
will be delayed about one orbit. That is a "rule of thumb'' 
kind of thing. It means if we miss liftoff by a hundred 
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secnnds, w e  must rendezvous  on t h e  f i f t h  o r b i t .  Tha t  is n o t  
q u i t e  t r u e  on Gemini 6 ,  however. We have a n o t h e r  c o n s t r a i n t  
t h a t  I w i l l  p o i n t  o u t  i n  j u s t  a moment. 
When w e  reach t h i s  p e r i o d  of t i m e  w e  are go ing  t o  
a t tempt  to  rendezvous  n o t  past t h e  s i x t e e n t h  o r b i t .  T h a t  
means if w e  would de l ay  o u r  l i f t o f f  down i n t o  t h i s  area, t h e  
n a t u r a l  catch-up rate would c a r r y  u s  o u t  p a s t  t h e  s i x t e e n t h  
o r b i t .  The n a t u r a l  catch-up rate of t h e  t w o  o r b i t s  as t h e y  
are, t h e  Agena a t  161 and t h e  spacecraft a t  87 and 146. So 
what  w e  do i n  here is t o  p u t  t h e  Agena i n t o  what  w e  c a l l  a 
dwel l  o r b i t .  M r .  Hammersmith touched on t h i s .  
We w i l l  boost t h e  Agena i n t o  a h i g h e r  o rb i t ;  
therefore, i t  has  a l o n g e r  per iod,  and w e  w i l l  i n c r e a s e  t h e  
r e l a t i v e  ca tch-up  between t h e  t w o  o r b i t s .  Then w e  b r i n g  t h e  
Agena back down t o  its 161 and perform t h e  rendezvous  a t  n e a r  ' 
t h e  s i x t e e n t h  apogee.  That takes place i n  t h i s  period. If 
w e  de lay  l o n g  enough t o  get back i n t o  t h i s  window, t h e  p h a s e  
is p r o p e r  a g a i n .  
These are complex char ts .  The l aunch  window is 
p r e t t y  complex. I d o n ' t  want t o  spend too much t i m e  on that. 
If you have q u e s t i o n s ,  perhaps I can  answer them l a t e r .  
T h e r e  was one  p o i n t  t h a t  I d i d n ' t  br ing up i n  t h e  
cri teria f o r  s e l e c t i o n  of t h e  o r b i t s  of t h e  m i s s i o n ,  and t h a t  
w a s  a s t r o n a u t  s a f e t y .  
( S l i d e . )  
T h i s  w a s ,  of c o u r s e ,  as h a s  a l w a y s  been w i t h  o u r  
manned spacecraft f l i g h t ,  t h e  prime c r i t e r i a .  
T h i s  is j u s t  t o  i n d i c a t e  t h e  d e l a y s  t h a t  I mentioned 
earlier,  and I w i l l  p o i n t  o u t  t h a t  if w e  d e l a y  ove r  t w o  hundred 
s e c o n d s  from o u r  nominal l i f t o f f  t i m e  here, i n s t e a d  of d e l a y i n g  
i t  i n  sequence f o r  f i f t h ,  s i x th ,  seventh, on up t o  s i x t e e n t h ,  
w e  decided t o  meet o u r  prime c r i t e r i a  of maximum p r o b a b i l i t y ,  
t h a t  w e  would l i k e  t o  perform i n  r endezvous ,  o r  a t  least  por- 
t i o n s  of t h e  ca t ch -up  o r  mid-course r e n d e z v o u s  w h e r e  we have  
maximum t r a c k i n g .  And of c o u r s e ,  as you know, t h i s  t r a c k i n g  is 
when t h e  o r b i t  passes over  t h e  United States. 
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They cycle around about every  f i f t e e n  or  s i x t e e n  
o r b i t s .  So i f  w e  d e l a y  past  two hundred seconds,  w e  are 
going to  delay ou r  rendezvous t o  t h e  s i x t e e n t h  o r b i t .  We 
are not  going t o  d e l a y  o u r  launch.  I n  o t h e r  words, i f  w e  
were delayed down to  t h i s  p o i n t ,  compcrable t o  an  e igh th -  
apogee rendezvous,  w e  would launch a t  t h i s  p o i n t  bu t  t i m e  
o u r  catch up so t h a t  w e  would rendezvous on s i x t e e n .  
When I get i n t o  t h e  mid-rendezvous phase you w i l l  
see how w e  can t i m e  o u r  catch-up or  how w e  can  c o n t r o l  t h e  
catch-up ra te .  
QUESTION: If there is no de lay  i n  t h e  o r b i t s  -- 
ALLER: If there is no de lay ,  w e  w i l l  rendezvous 
n e a r  t h e  f o u r t h  apogee. 
Now t h a t  t ha t  is cleared up,  I w i l l  go i n t o  t h e  
mid-rendezvous phase. 
(Laughter .) 
QUESTION: You s a y  if there is no de lay  you would 
rendezvous n e a r  t h e  f o u r t h  apogee, bu t  you are t a l k i n g  about  
t iming your rendezvous when you have maximum t r a c k i n g ,  wh ich  
is over t h e  U.S., but  your apogee w i l l  a l w a y s  be there, o v e r  
A u s t r a l i a .  
ALLER: I phrased that  improper ly .  P rov id ing  m F . x i -  
mum t r a c k i n g  of t h e  o r b i t s ,  so t h a t  before t h e y  rendezvous we 
know e x a c t l y  what o rb i t s  t h e y  are i n .  W e  are n o t ,  as you 
p o i n t  t h e y  i n i t i a t e .  That  is a ve ry  good p o i n t .  
\ p o i n t e d  o u t ,  t r a c k i n g  i t  a t  t h e  p o i n t  t h e y  rendezvous or  t h e  
(S l ide .  ) 
The mid-rendezvous phase, as I have d e f i n e d  i t ,  
beg ins  w i t h  i n s e r t i o n  and ends  a t  t h e  i n i t i a l i z a t i o n  of t h e  
te rmina l  phase, and I w i l l  d e f i n e  " t e rmina l  phase" l a te r .  
Thgt  is the  f i n a l  t r a n s f e r .  
W e  have drawn up three basic char ts ,  one of wh ich  
is an  o r b i t a l  d e s c r i p t i o n ,  l ook ing  down on t h e  co-plane orbits 
. 
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of the target and the spacecraft; another depicts the a1titcd.e 
variation of the two vehicles versus time; and the third 
clepicts the range differential %or time. There was a question 
earlier on this particular area. 
I. might point out that one of the key features of 
the mid-rendezvous is the fact that ground is controlling 
these particular maneuvers. As was pointed out by Mr. Hammer- 
smith, the ground controls in the earlier portion of the 
mission on the mid-rendezvous phase, and the on-board controls 
the terminal phase. The astronauts rely solely on the space- 
craft -- primarily on the spacecraft for the final phase. 
I will describe each of these maneuvers and show 
you the variance on the three charts. 
We insert at this point. You can see at insertion 
the relative relationship of the target Agena and the space- 
craft. Lagging by about 16.50, our catch-up rate is 6 . 7 O  per 
revolution. We are launching into an orbit that has a 87 
nautical miles perigee and 146 nautical miles apogee. We 
launch into this orbit, the inside circle here. 
The Agena has previously, 100 minutes previously, 
been launched into a 161 circular orbit. 
On this chart, this depicts the Agena liftoff, to 
161 circular, and 100 minutes later the spacecraft liftoff 
inserting at 87 nautical miles w i t h  an apogee at 146. 
You can see at insertion we are lagging by about 
1040 nautical miles. 
Our first maneuver that is nominally allowed for 
is a t  our second perigee, which is back over the Cape. We 
have gone around in this orbit one time. We now perform a 
very small nominal maneuver of about one foot per second to 
allow for any dispersion or any decay due to drag. This is 
to control, as Mr. Hammersmith pointed m t ,  t~ control this 
point we maneuver at this point. So we are controlling this 
146 nautical miles altitude with that maneuver. We are 
looking for a differential of fifteen nautical miles a11 the 
way around when we get over here. We are maintaining that at 
. 
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146 w i t h  t h a t  small maneuver. T h a t  is shown r i g h t  here, t h e  
second p e r i g e e .  
We then  go around t h e  o r b i t  ano the r  h a l f  o r b i t  t o  
t h e  second apogee and perform a maneuver there of about 53.5 
feet p e r  second. W e  c a l l  i t  t h e  phase adjustment  maneuver. 
I t  raises perigee from 87 n a u t i c a l  m i l e s  t o  about 117 n a u t i c a l  
miles. You can see t h a t  is  depicted here. 
A s  w e  po in t ed  o u t ,  you perform t h e  maneuvers a t  
apogee, and you c o n t r o l  perigee. You p u l l  your perigee up 
t o  about 117 n a u t i c a l  miles. 
The r eason  w e  c a l l  t h i s  phase adjustment  -- we are 
The a n g l e  is shown here as 6 . 4 O .  lagging 410 n a u t i c a l  m i l e s .  
T h i s  is t h e  r e l a t i o n s h i p  a t  t h a t  maneuver. 
The reason w e  ca l l  i t  phase  ad jus tment ,  t h i s  is 
t h e  maneuver t h a t  w e  perform t o  c o n t r o l  a t  what  apogee w e  
are going t o  rendezvous.  And you can see t h e  longe r  w e  S t a y  
i n  t h e  s m a l l e r  o r b i t ,  t h e  faster w e  are going to  catch up. 
BY p u t t i n g  o u r s e l v e s  i n t o  a la rger  o rb i t  w e  reduce  t h e  catch- 
u p  r a t e .  
We perform our phase ad jus tment  a t  t h e  second 
apogee. 
t i o n .  W e  t hen  t r a v e l  around t h e  o r b i t  one t i m e .  
The next  major maneuver w i l l  be w h a t  w e  c a l l  c i r c u l a r i z a -  
I m i g h t  p o i n t  o u t ,  before there are  any quest iokrs ,  
P l a n e  change, if r e q u i r e d ,  t h i s  means t ha t  i f  o u r  yaw s t e e r i n ? ,  
O r  whatever t echn ique  w e  u s e ,  d i d  not  allow for t h e  t o t a l  
P l a n e  change n e c e s s a r y ,  any d i s p e r s i o n s  i n  t h i s  would be per- 
formed a t  t h i s  p o i n t  by t h e  spacecraft. That  is a t  t h e  first 
common node after t h e  second apogee, where t h e  p l a n e s  would 
cross. 
Then w e  go a r o u n d  one more o r b i t  and w e  are back. 
I w i l l  now jump o v e r  t o  t h i s  diagram. T h i s  repre- 
s e n t s  second apogee. 
c i r c u l a r i z e  t h e  t h i r d  apogee, and w e  p u t  o u r s e l v e s  i n t o  a co- 
e l l i p t i c a l  o r  c o - c i r c u l a r  o r b i t ,  146 a t  a l l  p o i n t s ,  and t h e  
target is at 161. 
We go around one more t i m e  and w e  
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We r e d u c e  o u r  a n g l e  a t  t h i s  p o i n t  t w o  degrees and 
our catch-up ra te  is 2.3O per r e v o l u t i o n .  You can  see i f  w e  
s t a y  on t h i s  o r b i t  more than  one o r b i t ,  w e  a r e  g o i n g  t o  pass 
t h e  t a r g e t .  We have  a rate of 2.3, so we w i l l  go clear 
around and end up a t  f o u r t h  apogee s l i g h t l y  ahead of t h e  
target v e h i c l e .  
QUESTION: What is t h e  lag i n  n a u t i c a l  miles a t  
end? 
ALLER: The lag i n  n a u t i c a l  miles i n  c i r c u l a r i z a -  
t i o n  is I t h i n k  abou t  140. The scale is n o t  too a c c u r a t e  
a t  t h i s  p o i n t .  I t h i n k  i f  you are real ly  l o o k i n g  for some 
e x a c t  f i g u r e s ,  w e  can  g i v e  them to  you la te r ,  for  t h e  exact 
lag d i s t a n c e .  
QUESTION: S t r a i g h t - l i n e  d i s t a n c e ?  
AUER: That  is l i n e - o f - s i g h t  d i s t a n c e .  However, 
u n t i l  w e  get t o  t h e  p o i n t  of t o t a l  phase i n i t i a l i z a t i o n  down 
here, which b e g i n s  t h e  t e r m i n a l  phase, the l i n e  of s i g h t  is 
b a s i c a l l y  a h o r i z o n t a l  maneuver. 
When w e  s a y  " l i n e  of s i g h t " ,  by t h e  way, I had 
better e x p l a i n  t h a t .  We normally o r i e n t  o u r s e l v e s  t o  t h e  
local h o r i z o n t a l ,  local t o  t h e  E a r t h  h o r i z o n t a l .  That  is, 
o u r  l i n e  of s i g h t  is f o u r  degrees, o r  t e n  degrees a t  t h i s  
( i n d i c a t i n g ) .  If l i n e  of s i g h t  were twenty-seven d e g r e e s ,  
i t  would be abou t  l i k e  tha t  i n  r e l a t i o n  t o  t h i s  p o s i t i o n .  
Our l i n e  of s i g h t  a t  c i r c u l a r i z a t i o n  is about  f o u r  degrees. 
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QUESTION: 
the 1 4 0  n a u t i c a l  m i l e  l a g  i s ?  
Would you p o i n t  o u t  on t h a t  c h a r t  wherw, 
ALLER: Y e s ,  sir. W e  are l m g i n g  a t  t h i s  p o i n t  by 
about  140 n a u t i c a l  m i l e s  ( i n d i c a t i n g ] .  R e m e m b e r  t h e  r a d i u s  
of t h e  e a r t h  is about  4 , 0 0 0  m i l e s .  
and t h i s  r e p r e s e n t s  15  m i l e s  ( i n d i c a t i n g ) .  So t h e  re la t ive 
ang le  here i s  way o f f .  You c a n ' t  relate ang le  t o  your pos- 
i t i o n  h e r e .  
This  r e p r e s e n t s  146 m i l e s  
QUESTION: I real ize  t h a t .  
ALLER: The l i n e  of s i g h t  h e r e  would be o u t  about  
l i k e  t h i s .  
QUESTION: 
n a u t i c a l  m i l e  lag. 
t h e  s p a c e c r a f t  and t h e  Agena? 
I s t i l l  a m  n o t  clear when you say  1 4 0  
You are r e f e r r i n g  t o  t h e  d i s t a n c e  between 
ALLER: Y e s ,  sir.  
QUESTION: Could you j u s t  t a k e  t h e  p o i n t e r  and 
p o i n t  o u t  t h a t  l i n e  of d i s t a n c e  between t h e  t w o ?  
ALLER: Right  where my f i n g e r  i s .  That  d i s t a n c e  
i s  about 140 m i l e s .  
QUESTION: From your index  f i n g e r  t o  t h e  thumb? 
ALLER: From t h e  s p a c e c r a f t  t o  t h e  target.  
QUESTION: Thank you very  much. 
QUESTION: A r e  those bo th  apogees? 
ALLER: T h i s  i s  an apogee o f  t h e  s p a c e c r a f t .  There 
i s  r e a l l y  n o t  an apogee on t h e  c i r c u l a r  o rb i t .  
QUESTION: On t h e  t h i r d  apogee you are p u t t i n g  
Gemini i n t o  a c i r c u l a r  o r b i t ,  too? 
ALLER: W e  are p u t t i n g  Gemini i n t o  a c i r c u l a r ,  
146 n a u t i c a l  m i l e  o r b i t .  
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QUESTION: The t h i r d  apogee? 
ALLER: Yes. 
QUESTION: What does t h a t  burn? 
ALLER: That burn i s  about  52.4 feet p e r  second. 
QUESTION: I n  other words, you have both of them 
i n  a c i r c u l a r  orbi t?  
ALLER: Y e s ,  sir. 
QUESTION: When you t a l k  about  lag greater than  
a thousand m i l e s ,  a r e  you t a l k i n g  about  -- w e l l ,  s ay  t h e  
phase angle  was 180 degrees on t h e  other side of t h e  Earth.  
How are you measuring lag d i s t ance?  Right through t h e  c e n t e r  
of the Earth? 
ALLER: Line of s i g h t .  
QUESTION: But the Ea r th  -- 
ALLER: I t  would be hard t o  relate to  t h a t  kind 
of lag. But ou r  l a g  ang le  i s  a l i n e - o f - s i g h t  d i s t ance .  
QUESTION: So it would be i n  effect through the  
c e n t e r  of t h e  E a r t h ?  
ALLER: I t  would be i n  t h a t  p a r t i c u l a r  i n s t a n c e ,  
yes .  
I have a relative chart for o u r  t e rmina l  phase t h a t  
shows t h i s  l i ne -o f - s igh t  d i s t ance .  I t  a c t u a l l y  takes i n t o  
account  t h e  d i f f e r e n t i a l  i n  he igh t s  as w e l l  as the  range 
d i f f e r e n t i a l .  
QUESTION: One ques t ion  on the  lag again.  Am I 
correct i n  remembering that  you said it w i l l  be a lag of 
1 4 0  m i l e s  a t  i n s e r t i o n ?  
ALLER: No, sir. I t  i s  a log of 1040 m i l e s  a t  
i n s e r t i o n .  I th ink  t h a t  lag  d i s t a n c e  is p r e t t y  w e l l  repre- 
s e n t e d  on t h i s  t h i r d  chart. T h i s  is t he  range from t h e  
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s p a c e c r a f t  t o  the  Agena a long  t h i s  a x i s .  T h i s  is t i m e  i n t o  
t h e  mis s ion ,  rendezvous ing  a t  a b o u t  5 hours  20 minu tes .  A t  
t h e  v a r i o u s  maneuvers you can see here what t h e  r ange  is. 
A t  c i r c u l a r i z a t i o n  it is  abou t  140 m i l e s :  a t  i n s e r t i o n  i t  
is 1 0 4 0  m i l e s ,  
QUESTION: Why d o n ' t  you shoot for  a c i r c u l a r  
o rb i t  w i t h  t he  Gemini from t h e  beg inn ing  as you d id  w i t h  
t h e  Agena? 
ALLER: The r eason  w e  d o n ' t  do t h a t  i s  t h e  v e r y  
reason  w e  c a l l  t h i s  phase a d j u s t ,  because  i t  d o e s n ' t  pro- 
v i d e  us  the  f l e x i b i l i t y  of c o n t r o l l i n g  o u r  d i f f e r e n c e  i n  
pe r iod .  
W e  can per form maneuvers t h a t  v a r y  t h i s  d i s t a n c e  
anywhere i n  between 1 4 6  and 87. 
QUESTION: You want an  egg-shaped o r b i t ?  
ALLER: W e  want an  e l l i p t i c a l  o r b i t  t o  c o n t r o l  
And I might p o i n t  o u t  an example.  o u r  catch-up rate. 
w e  don ' t  l i f t  o f f  on t i m e ,  w e  would leave o u r s e l v e s  i n  t h i s  
k i n d  of an  o rb i t .  Because t h e  ca tch-up  rate is  greater and  
w e  would s t a y  i n  there for a maximum amount of t i m e ,  and o u r  
c i r c u l a r i z a t i o n  i n s t e a d  o f  b e i n g  a b o u t  50, would be closer 
t o  100.  And w e  would b r i n g  t h e  p e r i g e e  a l l  t h e  way from 
t h e  m i n i m u m  up t o  t h e  maximum, 146, because  t h e  l o n g e r  w e  
s t a y  i n  t h i s  t y p e  of o r b i t ,  t h e  faster w e  are go ing  t o  catch 
up. So if w e  are la te ,  we  want t o  catch up v e r y  f a s t ,  as 
f a s t  as w e  can.  
I f  
QUESTION: D i d  you s a y  t h e  a l t i t u d e  d i f f e r e n c e  
there a t  c i r c u l a r i z a t i o n  i s  a b o u t  1 5  m i l e s ?  
ALLER: Y e s ,  sir. T h i s  is 161 ,  and  t h i s  i s  1 4 6 ,  
n a u t i c a l .  
QUESTION: According to  t h i s  cha r t  you are p u t t i n g  
Gemini i n t o  c i r c u l a r  o r b i t  a b o u t  3 h o u r s  4 5  minu tes  af ter  
l aunch?  
ALLER: We are c i r c u l a r i z i n g  a b o u t  3 h o u r s  45 
minutes .  T h a t  i s  t h i r d  apogee. 
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Could I go on? We do have a q u e s t i o n  and answer 
per iod later.  And maybe w e  can p i c k  up some o f  t h e s e .  
One t h i n g  I d i d n ' t  mention, and touched on ve ry  
b r i e f l y ,  is t h a t  if w e  g e t  o u t  of t h a t  25 minute phase 
window I described t o  you, w e  are t h e n  going  t o  t a k e  t h i s  
o r b i t ,  t h e  Agena o r b i t ,  and make it ve ry  l a r g e .  That is 
what w e  c a l l  a d w e l l  maneuver. T h i s  allows t h e  s p a c e c r a f t  
i n  i ts  o r b i t  t o  catch up w i t h  t h e  Agena i n  i ts  larger o r b i t  
much faster.  
We w i l l  t hen  b r i n g  t h e  Agena back down t o  a cir- 
c u l a r  o rb i t  and c i rcu lar ize  t h e  s p a c e c r a f t  t o  t h a t  o rb i t ,  
and w e  have b a s i c a l l y  t h e  same mission w e  had be fo re .  
i s  a g a i n  an example of what w e  t h i n k  the  f l e x i b i l i t y  w e  have 
on t h e  mission.  W e  c a l l  t h i s  a d w e l l  maneuver, t o  p u t  t h e  
Agena i n t o  a l a r g e r  o rb i t  and it is dwel l ing  t h e r e  w h i l e  
t h e  s p a c e c r a f t  i s  c a t c h i n g  up. 
T h i s  
QUESTION: That i s  t h e  f i rs t  25 minutes? 
ALLER: That  i s  a f t e r  t h e  f i r s t  25 minutes .  
(Slide.  1 
T h i s  is my "clear up t h e  p i c t u r e "  chart. 
(Laughter.  1 
The on ly  c h a r t  I d i d n ' t  have w a s  t o  show where 
t h e s e  maneuvers w e r e  be ing  performed i n  geographic  r e l a t i o n -  
s h i p ,  and I won ' t  d w e l l  on it. But you can see very q u i c k l y  
by pe rus ing  it y o u r s e l f  why these maneuvers are going t o  
be performed. For i n s t a n c e ,  phase ad jus tment ,  c o - e l l i p t i c ,  
you can see  t h e  apogee for t h i s  o rb i t  i s  about  o v e r  t h e  
I n d i a n  Ocean. The p e r i g e e ,  o u r  f i r s t  h e i g h t  a d j u s t ,  is 
ve ry  n e a r l y  ove r  close to  t h e  Cape. 
You always i n s e r t  close to  t h e  p e r i g e e .  
see from t h i s  char t  also t h a t  o u r  t e r m i n a l  phase i n i t i a t i o n  
i s  going t o  be j u s t  off  the  coast of South America. 
o u r  b rak ing  or  velocity match w i l l  a g a i n  be o v e r  t he  I n d i a n  
Ocean. 
You can 
And 
I t h i n k  t h a t  is about  all I will cover  on t h a t  c h a r t .  
. 
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QUESTION: Where, l i t e r a l l y ,  w i l l  be rendezvous 
af ter  three-and-a-half  o r b i t s ?  
ALLER: Rendezvous, nea r  t he  f o u r t h  apogee, w i l l  
occur r i g h t  i n  here. 
QUESTION: Where is t h a t ?  
ALLER: Th i s  is over  t he  Indian  O c e a n .  Is t h i s  
Java? 
QUESTION: Malaysia.  
QUESTION: A r e  you going t o  s t i c k  a t r a c k i n g  s h i p  
under t h a t  p o i n t ?  
ALLER: N o .  T h i s  i s  t h e  p o i n t  I t h i n k  t h a t  the  
gentleman brought  up before. 
b i l i t y  a t  t he  i n s t a n t  of rendezvous. 
i ng  back a t  these p o i n t s  t o  set  up t h e  o r b i t s ,  so we know 
e x a c t l y  what they  are. 
W e  won' t  have t r a c k i n g  capa- 
W e  have maximum track- 
The coastal s e n t r y  Quebec, t r a c k i n g  ship,  I believe 
is about i n  t h i s  area. I a m  n o t  c e r t a i n  of t h e  e x a c t  coord- 
i n a t e s ,  I b e l i e v e  it is  s e t t i n g  about  i n  here. 
We have ano the r  t r a c k i n g  sh ip  here a t  t e r m i n a l  
phase i n i t i a t i o n ,  w i t h  t h e  Rose Knot V i c t o r ,  which w i l l  
p i ck  up t h i s  maneuver r i g h t  off t h e  coast of South America. 
QUESTION: To make clear, i f  you are a f t e r  t h e  
25 minute and yau do e n l a r g e  t h e  Agena orb i t ,  when you do 
r e t u r n  i t  t o  a c i r c u l a r  o rb i t  the Gemini w i l l  a l r e a d y  have 
been p u t  i n  o rb i t ,  w i l l  it no t?  
ALLER: No, i t  w i l l  n o t ,  because t h e  l o g i c  w e  
use  i n  t h e  rendezvous computat ions always allow fo r  cir- 
c u l a r i z a t i o n  of t h e  maneuver, the  l a s t  o r b i t  before rend- 
ezvous. 
very  detailed.  
I d o n ' t  want t o  get i n t o  t h a t  because t h a t  is 
Real ly ,  what w e  are s e t t i n g  up as the e x a c t  rend- 
ezvous p o i n t  is when you c i r c u l a r i z e .  When you c i r c u l a r i z e  
you set up t h e  1 4 6  c i r c u l a r  o r b i t ,  one o r b i t  before rendez- 
vous. 
t he  spacecraft. 
So w e  would b r i n g  t h e  Agena back down, t hen  c i r c u l a r i z e  
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The t e rmina l  phase is from the  i n i t i a t i o n  of t h e  
f i n a l  t r a n s f e r  maneuver, roughly a t  t h i s  p o i n t ,  t o  what w e  
c a l l  braking o r  v e l o c i t y  match. 
Before I g e t  i n t o  t h e  va r ious  maneuvers be fo re  
t h e  t e rmina l  phase,  I would like t o  jump back very q u i c k l y  
t o  t h e  cr i ter ia  w e  selected, and t h e  t e rmina l  phase was a 
very important  p o r t i o n  of it. 
(Slide.  1 
W e  selected a terminal  phase of 130 degree t r a n s -  
fer. By t h a t  we mean from t h e  t i m e  w e  i n i t i a t e  o u r  t r a n s f e r  
o r b i t  t o  the  t i m e  w e  brake, t he  Agena target v e h i c l e  w i l l  
have t r a v e l l e d  130 degrees  of a planned c i r c u l a r  path. That  
is what i s  termed the 130-degree t r a n s f e r .  
You can rendezvous a t  180 degrees. I n  fact ,  t h e  
optimum from an energy s tandpoin t  i s  t o  i n i t i a t e  a t  t h i s  
p o i n t  and rendezvous a t  t h i s  p o i n t  ( i n d i c a t i n g ) .  Our cr i ter ia  
for s e l e c t i n g  the  t e r m i n a l  phase as you can see are 
g r e a t l y  dependent on t h i s  i n i t i a t i o n .  What does the  c r e w  
use as a cue? They could u s e  t i m e ;  they  could use range; 
t hey  could use minimum Delta V, which would be a 180' t r a n s f e r .  
W e  selected a relative angle .  The reason w e  
d id  it permits t h e  crew on l i n e  of s igh t  t o  p o i n t  the space- 
c ra f t  a t  t h e  l i n e  of target, and i n i t i a t e  t h e i r  maneuver 
a long t h e  l i n e  of s i g h t  and main ta in  radar lock by t h i s  
method, and t h e  D e l t a  V or t h r u s t i n g  i s  d i r e c t l y  toward 
t h e  target  a t  t h a t  p o i n t .  
That  was t h e  criteria for  s e l e c t i n g  the  130° 
t r a n s f e r .  W e  are performing t h e  t r a n s f e r  i n  darkness ,  
nominal ly ,  as you can see. That  w a s  another  cri teria,  t o  
main ta in  a cons t an t  launching cond i t ion ,  and w e  opt imized 
t h e  f i n a l  i n e r t i a l  l i n e  of s i g h t  as w e  approach t h e  i n i t i a l  
b rak ing  maneuver. By t h i s  w e  mean t h e  crew can set up 
t h e i r  target i n  t h e  windows and detect any movement of 
t h e  target a g a i n s t  t h e  c e l e s t i a l  background. 
t r a n s f e r  permits t h i s  cons tan t  i n e r t i a l  l i n e  of s i g h t .  
Our type  of 
. L 
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QUESTION: Does t h a t  mean t h a t  t h e  whole maneuver 
takes place i n  the  dark? 
ALLER: The whole maneuver nominally take6 p l a c e  
i n  the dark condi t ion :  t h a t  is r i g h t .  
QUESTION: Encluding hook-up and every th ing?  
ALLER: Pardon m e ?  No, t h i s  i s  braking.  T h i s  
is  the  t e rmina l  phase te rmina t ion .  W e  then  go i n t o  docking. 
QUESTION: Tha t  is  i n  d a y l i g h t ?  
ALLER: T h a t  is  i n  d a y l i g h t .  You recall,  of course ,  
t h e  t a r g e t  vehicle has l i g h t s  on it, f l a s h i n g  l i g h t s  and 
running l i g h t s .  
Another criteria w a s  t h i s  d i f f e r e n t i a l  a l t i t u d e ,  
and here w e  are t a l k i n g  about  the  15 m i l e s  n a u t i c a l  m i l e s  
d i f f e r e n c e  between t h e  t w o  o rb i t s .  We wanted it close enough 
so t ha t  t h e  crew could  see t h e  target  and f a r  enough away 
t h a t  i t  was rather i n s e n s i t i v e  t o  d i s p e r s i o n s .  
QUESTION: How far  a long  i n  t h a t  t e rmina l  phase 
maneuver do you c a l c u l a t e  they  w i l l  ge t  v i s u a l  c o n t a c t ?  
ALLER: A t  i n i t i a t i o n  they  are only  34 miles away. 
They should be able t o  see the  f l a s h i n g  l i g h t s  a t  tha t  p o i n t ,  
and before .  
t e n  m i n u t e s  before they  get i n t o  darkness .  
They should  have v i s u a l  c o n t a c t  about  f i v e  or 
(Sl ide.  1 
I w i l l  go back t o  the  other t w o  slides and go 
through the  t e rmina l  phase. I t  has f o u r  basic maneuvers: 
i n i t i a t i o n ,  t w o  mid-course c o r r e c t i o n s ,  and braking  o r  ve l -  
o c i t y .  The func t ion  of these is  t o  t r a n s f e r  ou r se lves  i n t o  
t h i s  ou t s ide  o rb i t  a t  t h i s  p o i n t ,  match t h e  v e l o c i t y  of 
the  orbit  a t  t h a t  po in t .  
c o r r e c t i o n s  t h a t  arethe t i m e  f r o m  t h e  i n i t i a l i z a t i o n  t o  
t h i s  maneuver, approximately 1 2  minutes ;  f r o m  t h i s  maneuver 
t o  t h i s  approximately 1 2  minutes;  and then  t o  the  braking  
is  approximately 8 minutes  la ter .  
And these are merely v e r n i e r  
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The whole maneuver takes about  32 minutes ,  20 sec- 
onds; t o t a l  t r a n s f e r .  The i n i t i a t i o n ,  I th ink  w e  have de f ined  
t h i s  as about 33 f e e t  p e r  second. The two c o r r e c t i o n  are, a8 
you can see, v e r n i e r ,  small corrections, a t  about  two f e e t  
p e r  second each, and t h e  braking maneuver is 43 f e e t  p e r  
second. 
L e t  m e  cau t ion  you, t h e  brak ing  maneuver i s  a 
posigrade maneuver. 
of travel. It  is matching t h e  v e l o c i t y  of the  target. I t  
i s  braking i n  re la t ion t o  the  target. 
distance between t h e  t w o .  
The v e l o c i t y  i n c r e a s e s  i n  the  d i r e c t i o n  
I t  is the  r e l a t i v e  
I t h i n k  you can  see p r e t t y  c l e a r l y  t h e  d i f f e r e n c e  
i n  a l t i t u d e  and t h e  range d i f f e r e n t i a l  dur ing  t h i s  f i n a l  
phase of t h e  mission.  
QUESTION: What i s  t h e  speed of the Agena a t  t h i s  
p o i n t ,  t h e  t e n n i n a l  phase? 
ALLER: The speed? 
QUESTION: Y e s .  
ALLER: The speed of the Agena i s  c o n s t a n t  through- 
o u t .  I t  is c i r c u l a r  a t  161, which i s  about  25,750 feet per  
second. T h a t  is  r e a l l y  a top-of-the-head number. I t  d o e s n ' t  
vary  throughout  t h e  mission u n l e s s  w e  maneuver t h e  Agena, 
and nominally we d o n ' t  p l an  t o  maneuver t h e  Agena. 
QUESTION: That i s  17 ,500  m i l e s  an hour? 
ALLER: That  is about the conversion,  yes .  
QUESTION: D o  you mean the  braking maneuver w i l l  
be f i r i n g  t h r u s t e r s  i n  the posigrade d i r e c t i o n ?  
ALLER: T h a t ' s  r i g h t .  
QUESTION: It  i s  n o t  a t h r u s t  i n  t h e  pos igrade  
d i r e c t i o n ?  
ALLER: I d o n ' t  know i f  t h i s  is  t h e  t i m e  t o  go 
i n t o  t h i s ,  because it i s  a l i t t l e  b i t  confusing.  
, b 
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They are coming around l i k e  t h i s  ( i n d i c a t i n g ) ,  and 
the  spacecraft w i l l  a c t u a l l y  approach i n  t h i s  d i r e c t i o n .  
They are both moving t h i s  way. 
and it w i l l  match v e l o c i t y  -- it w i l l  f i re  i ts  forward- 
f i r i n g  t h r u s t e r s  and match t h e  v e l o c i t y  to push it i n  t h i s  
direction, which matches the  v e l o c i t y  of the  Agena. 
I t  w i l l  come up and under 
T h a t  i s  what w e  cal l  a v e l o c i t y  match. 
i n t o  t h e  r e l a t i v e  motion of t h e  t w o  i n  j u s t  a minute. YOU 
can see b a s i c a l l y  it amounts t o  t h i s  type of approach, up 
and under .  
I will go 
QUESTION: Do you have t o  speed t h e  Agena up 
i n  order t o  s l o w  it down? 
ALLER: N o .  W e  speed t h e  spacecraft up. 
QUESTION: I mean the  spacec ra f t .  
ALLER: What w e  are doing is  providing enough vel- 
o c i t y  and energy t o  s t a y  i n  t h i s  o u t s i d e  orb i t .  I f  we  d i d n ' t  
perform t h i s  maneuver, our  t r a j e c t o r y  would take us  r i g h t  up 
and back down to  t h i s  i n n e r  o r b i t  and w e  would have a 146/161 
orb i t ,  b a s i c a l l y .  
QUESTION: How f a s t  w i l l  it be t r a v e l l i n g  when they  
rendezvous ? 
ALLER: Same speed. 
QUESTION: 27,000? 
ALLER: Whatever i s  t h e  c i r c u l a r  speed a t  t h a t  al-  
t i t ude .  I don ' t  have the  e x a c t  f i g u r e  i n  absolu te .  
QUESTION: So i n  a b s o l u t e  terms the  braking i s  
a c t u a l l y  a speed-up fo r  t h e  spacecraft? 
ALLER: That  i s  correct. That is  why I l i k e  t h e  
term "ve loc i ty  match" rather t h a n  braking.  
QUESTION: I t  does n o t  g e t  ahead and then  s l o w  
the  Agena speed? 
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ALLER: I t  i s  ahead of t h e  Agena, and matching t h e  
speed o f  t h e  Agena i n  t h a t  o rb i t .  I t h i n k  there may have 
been a misconception earlier.  The s p a c e c r a f t  p u l l s  ahead 
of t h e  Agena i n  o rb i t .  
QUESTION: Bob, i s n ' t  it t r u e  t h a t  f o r  t h e  men i n  
t h e  s p a c e c r a f t ,  t h e  apparent  motion t o  them is of the  n a t u r e  
of a braking  maneuver? 
ALLER: That is why it is  called braking .  
QUESTION: I f  you look a t  it on the s i m u l a t o r  t h a t  
t h e y  are be ing  t r a i n e d  O'n; it h a s  t h e  appearance,  t o  them, 
t h e  appearance t o  a person looking,  t h a t  it is  be ing  braked. 
But i n  a p i c t u r e  l i k e  t h i s ,  they are a c t u a l l y  matching vel- 
o c i t y ,  t hey  are p u t t i n g  energy i n t o  t h e  o rb i t .  
ALLER: I have a r e l a t i v e  p l o t  here t h a t  p l o t s  
t h e  motion of t h e  s p a c e c r a f t  relative t o  the  t a r g e t .  I 
t h i n k  t h a t  w i l l  g i v e  you maybe a l i t t l e  better a p p r e c i a t i o n  
of t h a t .  
(S l ide .  1 
This  i s  a p l o t  of t h e  re la t ive motion of the  space- 
c ra f t  and t h e  t a r g e t  v e h i c l e .  You can assume t h e  t a r g e t  
v e h i c l e ,  t h e  Agena, remaining a t  t h i s  p o i n t .  T h i s  i s  a 
r e l a t i v e  p l o t  now; t h i s  i s  n o t  an a c t u a l  p l o t .  
QUESTION: S l e w  t h e  target 9 0 ' 1  
ALLER: Ac tua l ly ,  it is going  t o  be moving l i k e  
t h i s ,  as w a s  po in t ed  ou t .  It  is a t  t h i s  p o i n t .  P i c t u r e  the 
Agena a t  t h a t  p o i n t .  And then t h e  s p a c e c r a f t  is down h e r e  
and follows t h i s  t r a j e c t o r y  i n  r e l a t i o n  t o  t h e  target. YOU 
can see t h e  range a t  t h i s  p o i n t  is about  34  m i l e s .  I t  1s 
15 m i l e s  below and about  2 8  miles behind. W e  i n i t i a t e ,  
and t h e n  t h e  r e l a t i v e  d i s t a n c e  of t h e  t w o  corrective man- 
e u v e r s  -- and t h i s  g i v e s  you an a p p r e c i a t i o n  for braking .  
You are now a c t u a l l y  ahead of t h e  s p a c e c r a f t  and 
YOU are approaching it, and you are s lowing down your  approach 
v e l o c i t y  i n  r e l a t i o n  t o  your approach t o  t h e  target. 
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QUESTION: How many m i l e s  d i d  you say? 
ALLER: F i f t een .  
T h i s  r ep resen t s  t h e  m i l e s  below, and t h i s  r e p r e s e n t s  
t h e  m i l e s  behind, Here t h e  c r e w  w i l l  be on t h e i r  backs look- 
ing  d i r e c t l y  a t  the  target ,  a t  t h i s  po in t .  Then they come up 
and under. When they  are a t  t h e i r  braking maneuver, they  
come back and are f ac ing  t h e  t a r g e t  vehicle.  
P i c t u r e  yourse l f  i n  an a i r p l a n e .  You are f l y i n g  
up, and you w i l l  be r i g h t  on your back a t  braking. 
w i l l  then f l i p  over ,  r o l l  over 180°, and be heads up. 
They 
QUESTION: What i s  the  maximum d i f f e r e n t i a l  on 
the  speed of t h e  t w o  c ra f t?  
ALLER: D o  you mean i n  m i l e s  p e r  hour? 
QUESTION: Y e s .  
ALLER: Would you permi t  us t o  c a l c u l a t e  t h a t ?  I 
We have p l o t s  of j u s t  about every th ing ,  i n -  
W e  j u s t  haven ' t  looked it up. 
d o n ' t  have it. 
c luding  r e l a t ive  v e l o c i t y .  
QUESTION: I n  feet p e r  second? 
ALLER: I d o n ' t  have it. 
QUESTION: The way t h a t  p l o t  shows, t h e  spacecraft 
w i l l  be coming back t o  t h e  Agena, l i t e r a l l y ,  and c l o s i n g  
t h e  d is tance?  
ALLER: Y e s .  
QUESTION : Before braking? 
ALLER: I t  p u l l s  ahead -- a t  t h i s  p o i n t  it is  
a c t u a l l y  ahead of t h e  Agena -- and then  comes back towards 
t h e  Agena. 
QUESTION: Before t h e  b rak ing  maneuver? 
ALLER: T h i s  i s  braking r i g h t  a t  t h i s  p o i n t .  
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QUESTIOL: So it is  goLng t o  be ahead and W i l l  
come back before braking? 
ALLER: I t  i s  ahead and w i l l  cane back r i g h t  a t  
t h e  Agena and w i l l  brake.  If YOU had a p e r f e c t l y  nominal 
s i t u a t i o n  t h e  t h ing  would come back -- I w i l l  use it t h i s  
way, even though it is  n o t  exac t ly  t h e  way it w i l l  be flown 
-- it w i l l  come around and brake i n  t h a t  condi t ion  and match 
v e l o c i t y  from there on. 
QUESTION: That p l o t  seems t o  sugges t  t h a t  it 
gets ahead and then comes back, by the negat ive  value there, 
h o r i z o n t a l  displacement.  
ALLER: N o .  T h i s  i s  the  t r a j e c t o r y .  From Star t  
YOU go r i g h t  up along here, and brake r i g h t  here. 
QUESTION: A t  t h e  five-minute mark before t h a t ,  
i s n ' t  it ahead -- 
ALLER: It  i s  ahead of t h e  t a r g e t .  
QUESTION: And now seems t o  go backward? 
ALLER: That is r i g h t .  
QUESTION: Before braking occurs? 
ALLER: I see. This i s  a r e l a t i v e  p l o t -  The 
s p a c e c r a f t  i s  a c t u a l l y  moving forward i n  i t s  orb i t .  The  
Agena is  moving forward i n  i t s  orb i t .  With t h i s  P l o t  w e  
assume t h e  Agena is  s t a t i o n a r y .  
s t a t i o n a r y  a t  t h i s  p o i n t ,  t h i s  is  what I had hoped t o  Po in t  
o u t  earlier, it is s t a t i o n a r y  and t h i s  is  t h e  k ind  Of l ocus  
YOU would g e t  w i t h  t he  s t a t i o n a r y  target. 
BY assuming the  Agena is  
QUESTION: W i l l  t h e  movie help? 
ALLER: The movie w i l l  h e l p  somewhat. 
QUESTION: Some people have t o  leave, who do want 
t o  see t h e  movie. Would you hold t h e  ques t ions?  
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ALLER: L e t ' s  leap on then. Thank you. 
(Sl ide.)  
The n e x t  i t e m s  I wanted t o  touch upon were the  
I w i l l  touch on 
The concept  
c r e w  back-up techniques  fo r  rendezvous. 
them since w e  are k ind  of p re s sed  for  t i m e .  
i s  p r e t t y  simple.  The concept ,  t h a t  is, f o r  back-up. 
W e  are comparing what w e  t h i n k  w e  know are nominal 
v a l u e s  a g a i n s t  what  w e  are g e t t i n g  i n  real t i m e .  And by 
comparing these t o  pre-determined l i m i t s ,  w e  can establish 
t r e n d s  from t h e  data p o i n t s ,  make hand c a l c u l a t i o n s  w i t h  
computer s o l u t i o n s ,  compare w i t h  pre-determined l i m i t s ,  
and then they  can make a judgment on t h e  r e l i a b i l i t y  of 
their  on-board s o l u t i o n .  
I m i g h t  s a y  t h e  theo ry  is  s imple;  t h e  technique  
t h a t  they use i s  very  complex and r e q u i r e s  Major S t a f f o r d  
t o  do some mathematical  c a l c u l a t i o n s  i n  real t i m e  t o  make 
t h i s  comparison. 
I have j u s t  shown h e r e  an example of one o f  t he  
plots t h a t  they  c a r r y  w i t h  them. T h i s  p a r t i c u l a r  p l o t  is 
what you cal l  a p o l a r  p l o t ,  and it j u s t  gives them a rel- 
a t i v e  f e e l  f o r  how they  are i n  r e l a t i o n  t o  t h e  nominal 
t r a c k .  This  i s  on t w o  scales, t h i s  k ind  of a track. T h i s  
p o i n t ,  t h e  zero p o i n t ,  r e p r e s e n t s  t h i s  p o i n t  -- i n i t i a t i o n  
of terminal phase. 
You can see when w e  g e t  up t o  about  16  m i l e s  frsm 
t h e  t a r g e t  w e  increase t h e  scale a l i t t l e  b i t  i n  t h e  p l o t ,  
and p ick  it up down here. 
measure t h e i r  l i n e  of s i g h t  t o  t h e  target  and the i r  range  
from t h e  radar, they  have a direct  r eadou t ,  and p l o t  them- 
s e l v e s  along t h e  nominal p l o t .  
B a s i c a l l y  what t hey  do, they  
T h i s  i s  an example of one. They have many such 
devices. 
(Sl ide.  
The c r i t i ca l  on-board Systems, t h r e e  of the  very  
c r i t i ca l  on-board systems for  t h e  t e r m i n a l  phase are t h e  
computer, radar,  and p la t form.  
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Again, i n  o u r  back-up techniques w e  have developed 
methods or cues for i n i t i a t i o n  i n  t h i s  130' t r a n s f e r .  I f  
w e  have a f a i l u r e  of one or  a combination of these -- I 
won' t  go i n t o  them -- t h i s  g ives  an example of how they  w i l l  
i n i t i a t e  t h e i r  t r a n s f e r  i f  t h a t  p a r t i c u l a r  system f a i l e d .  
(Sl ide.  1 
A f t e r  w e  perform t h e  rendezvous w e  are going to  
perform some f o u r  docking and d i f f e r e n t  l i g h t i n g  c o n d i t i o n s ,  
both i n  t he  command p i l o t  and then the p i l o t .  We are going 
t o  perform our  fou r  experiments.  
both the  s p a c e c r a f t  and the  Agena. W e  w i l l  have f i n a l  sep- 
a r a t i o n ,  recovery,  and followed by about three days of 
e x e r c i s i n g  what  w e  c a l l  the  s o l a r  p o r t i o n  of t he  Agena. 
Agena w i l l  be up there by i t s e l f ,  and w e  are p r e t t y  much 
going townng  it out .  
W e  are going t o  maneuver 
The 
Now I t h i n k  w e  can go ahead w i t h  the  movie and I 
t h i n k  it w i l l  summarize t h e  whole mission for  you. 
(Motion p i c t u r e  p re sen ta t ion .  ) 
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QUESTION: A f t e r  Agena h a s  been l aunched ,  and  if it 
becomes n e c e s s a r y  t o  s c r u b  Gemini, what h o u r  would you l aunch  
Gemini on t h e  f o l l o w i n g  day? 
ALLER: L e t  m e  p u t  t h e  copy of t h e  char t  w e  had on 
t h e  board.  Can everybody hear me? 
The t i m e  f o r  t h e  launch  o n  t h e  f i rs t  day ,  o r  t h e  
n e x t  day a f t e r  t h e  Agena l aunch  -- I a m  l o o k i n g  a t  a r e l a t i v e  
t i m e  p l o t  now, t h e  one w e  had on t h e  boa rd  -- it o c c u r s  abou t  
an h o u r  and t h i r t y - f i v e  minutes  ea r l i e r  t h a n  t h e  window open 
on t h e  same day. I n  o t h e r  words,  if it was 1 1 4 1  on t h e  same 
day ,  i t  would be 1 0 0 6 .  
QUESTION: Could you g i v e  us  t h e  nominal  l aunch  
windows f o r  e a c h  day i n  t h e  t i m e  a f t e r  Agena l i f t o f f ,  SO w e  
know what  t o  e x p e c t ?  
ALLER: On c o n s e c u t i v e  days f o r  t h e  t i m e  from Agena 
l i f t o f f ,  I t h i n k  t h i s  p l o t  g i v e s  it p r e t t y  c l e a r l y .  AS a 
matter of f ac t  it is r i g h t  here ,  t h e  answer t o  y o u r  q u e s t i o n .  
It  i s  1 0 1 0 .  
I f  w e  c o u l d  have t h a t  s l i d e  back ,  i t  g i v e s  i t  
d i r e c t l y .  May w e  have s l i d e  4 a g a i n ,  p l e a s e .  
If  you are go ing  t o  copy them, I can s t a r t  r e a d i n g .  
The window on t h e  same day opens a t  1 1 4 1  E a s t e r n  S t a n d a r d  
T i m e .  The second day i s  a t  1 0 1 0  E a s t e r n  S t a n d a r d  Time. The 
t h i r d  day i s  at 0825 E a s t e r n  S t a n d a r d  T i m e .  The f o u r t h  day 
a t  0848 E a s t e r n  S tanda rd  T i m e  -- I d o n ' t  t h i n k  you can  r e a d  
t h a t  -- 
QUESTION: The f o u r t h  day? 
QUESTION: Only f o u r  minu tes  d i f f e r e n c e  t h a t  day? 
ALLER: And t h e  l a s t  day 0853 Eastern S t a n d a r d  T i m e .  
QUESTION: What w a s  t h e  f o u r t h  day? 
ALLER: 0 8 4 8 .  
QUESTION: What w a s  t h e  f o u r t h  day? 
ALLER: 0848, Eastern S t a n d a r d  Time. 
I B 
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QUESTION: It goes up a g a i n ?  
ALLER: Yes. 
QUESTION: What i s  t h e  l e n g t h  of t h e  maneuvers? 
, A  
HARKLEROAD: We s t i l l  have t h e  25 minute  windows. 
ALLER: No, t h a t  i s  wrong. As you see, the \liadows, 
t 
t h i s  i s  t h e  window rate he re .  It  i s  c o n f u s i n g  because  the 
shaded  area s imply  r e p r e s e n t s  t h e  area t h a t - y o u  have  t h e  
p r o p e r  phase  r e l a t i o n s h i p  -- pardong m e  , y e s ,  , . tha t  i s  correct. 
The r e l a t i o n s h i p  so t h a t  you won' t  have  t o  maneuver t h e  
Agena. But we can launch.  For  i n s t a n c e ,  on t h e  second  day ,  
as w e  t e r m  i t  here,  we can l aunch  f r o m  t h i s  p o i n t  -- t h i s  
i s  o u r  l aunch  window. 
We are p r o p e r l y  i n  phase  i n  t h i s  p o i n t ,  t h i s  p o i n t ,  
and t h i s  p o i n t .  
t h i s  c h a r t .  
And t h e s e  times I w a s  r e a d i n g  you r i g h t  off 
QUESTION: If your  launch  window onr t h e  first day 
opens a t  1 1 4 1 ,  when does it close, i f  you are go ing  t o  
reopen a t  Poi0 t h e  next day? 
' .  
ALLER: I t  c l o s e s ,  i f  you are go ing  t o  r eopen ,  when- 
e v e r  you s c r u b .  
QUESTION: H o w  l o n g  would you w a i t  b e f o r e  you d e c i d e d  
t o  scrub ,  f o r  t h e  n e x t  day? 
ALLER: I t  depends on t h e  s i t u a t i o n .  
QUESTION: What i s  t h e  maximum :time?: 
ALLER: The maximum t i m e  f o r  t h e  f irst  day i s  f r o m  
t h i s  p o i n t  t o  -- a t  t h e  240 p o i n t  h e r e .  
h o u r s  and f o r t y  minutes  l aunch  window wou1d;end. The s i t u a t i o n  
can end  t h a t  you w i l l  ge t  t o  t h i s  p o i n t  a n d ' s a y  I w i l l  s c r u b  
u n t i l  t h e  n e x t  day because I b v e  a problem t h a t  I know I won' t  
g e t  f i x e d  by t h i s  remaining t i m e .  O r  you can be i n  t h e  coun t -  
down a f t e r  you l i f t  o f f  t h e  Agena, you are , in  t h e  countdown 
and you can say  w e  had b e t t e r  s c r u b  fo r  the  n e x t  day because  
I have a problem i n  t h e  Agena and w e  are n o t  g o i n g  t o  g e t  it 
f i x e d .  
,This is where the t w o  
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QUESTION: Can you g i v e  us t h e  maximum windows ?-;.r . 
each day? The l e n g t h  o f  t h e  maximum windows? 
ALLER: The maximum window, t h e  f irst  day ,  t w o  hour s  
W d  twenty minu tes .  
QUESTION: I n  o t h e r  words,  if you d o n ' t  g e t  Gemini 
off i n  two hour s  and twenty  minutes  a f t e r  t h e  f i r s t  day ,  you 
wait u n t i l  t h e  n e x t  day? 
ALLER: No. I f  you d o n ' t  g e t  Gemini o f f  f@r two 
hours  and twenty  minutes  from i t s  nominal  l aunch  t i m e ,  you 
w i l l  have t o  r e s c h e d u l e  f o r  a n o t h e r  day. And t h e  day you 
would r e s c h e d u l e  f o r  would depend on wha t  t h e  problem i s .  
HALL: Is  i t  c lear  t h a t  w e  have a l o n g e r  l aunch  
w,lindow on t h e  day f o l l o w i n g  t h e  same day t h a t  w e  l aunch  t h e  
Agena? 
QUESTION: 2 2 8  i s  j u s t  t h e  f i r s t  day? 
HALL: Yes. The second  day you have 2 6 0  m i n u t e s ,  
over a f o u r  h o u r  window, if you s t a r t e d  a t  t h e  time when on  
the f i r s t  day you were l a u n c h i n g  t h e  Agena, because  on t h e  
dol lowing day you can  launch  t h e  s p a c e c r a f t  a t  t h e  same t i m e  
ygu l aunched  t h e  Agena on t h e  f i r s t  day. 
QUESTION: H o w  abou t  t h e  t h i r d  day? 
HALL: On s u c c e e d i n g  days  you do n o t  have t h e  
p r o p e r  phase r e l a t i o n .  Your window d o e s n ' t  a lways  open up 
at  t h e  same t i m e  each day. 
QUESTION: We are t r y i n g  t o  g e t  it i n  h o u r s  and  
q\jnutes.  
HALL: I would l i k e  f o r  you t o  u n d e r s t a n d  t h e  
chart f i rs t .  On t h e  f i r s t  d a y ,  t h e  same day l a u n c h ,  w e  are 
i n s e r t i n g  t h e  Agena here. T h i s  i s  where w e  have t h e  zepo 
plane change.  About an h o u r  and  a h a l f  l a t e r  when t h e  Agena 
has gone around once w e  are at t h i s  p o i n t ,  t h e  nominal  t i m e  
when w e  would want t o  l aunch  t h e  s p a c e c r a f t .  
on, if e v e r y t h i n g  goes r i g h t ,  you have t h i s  much of  a window 
remaining on t h e  f i r s t  day. 
From t h a t  po i r , t  
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On t h e  second day you would be a b l e  t o  launch t o  
g e t ,  plane-wise t h e r e ,  a t  t h i s  p o i n t .  But because you are 
coming up i n  a b e t t e r  phase r e l a t i o n s h i p  i f  you w a i t  a l i t t l e  
whi le  w e  c e r t a i n l y  wouldn't launch.  We would w a i t  u n t i l  w e  
g o t  t o  t h i s  p o i n t  when w e  would be i n  p rope r  phase.  Excuse 
m e ,  i t  i s  down he re .  Our window would s t a r t  r e a l l y  on t h e  
f irst  day fo l lowing  t h e  Agena launch a t  t h i s  p o i n t .  From 
t h a t  p o i n t  on w e  would have a window t o  he re .  
QUESTION: That i s  2 6 0  minutes? 
HALL: It i s  n o t  260 minutes from he re .  It i s  2 6 0  
minutes from h e r e .  We would have t o  t a k e  t h e  260 minus t h i s ,  
or 220 minutes on t h e  f i r s t  day fol lowing.  
QUESTION: Even on t h e  f irst  day i f  you go t h e  f u l l  
t w o  hour s ,  you have t h e r e  -- 
HALL: The t w o  hours  i s  from t h i s  p o i n t  t o  t h i s  
p o i n t ,  and you c e r t a i n l y  have t h e  Agena catch-up that i s  
necessa ry ,  y e s ,  s i r ,  a t  t h i s  p o i n t  and he re .  
QUESTION: Would you do t h a t  r a t h e r  t han  w a i t  t o  t h e  
n e x t  day? 
HALL: Rather  than  s c r u b  and t r y  t h e  n e x t  day? 
QUESTION: Yes. 
HALL: That depends on t h e  s i t u a t i o n .  
HAMMERSMITH: The rulebook i s  t w o  i n c h e s  t h i c k  
cover ing  t h i s  s i t u a t i o n .  
QUESTION: What i s  t h e  window be fo re  you ge t  i n  the, 
Agena catch-up p e r i o d  a f t e r  1141? 
HALL: There is a phase window he re  of about  t h i s  
long ,  and about  20 minutes. It doesn ' t  r e q u i r e  major p l ane  
changes t o  p u t  you i n  t h e  proper phase r e l a t i o n .  
you need t o  change t h e  plane.  You need t o  use t h e  Agena t o  
change i t s  o r b i t  i n  o rde r  t o  avoid  t h e  l a r g e  number of o r b i t s  
f o r  catch-up. 
A f t e r  t h a t  
QUESTION: You s a i d  t h a t ,  t h e  f i l m  sa id  t h a t  t h e  
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c l o s i n g  r a t e  was 1 . 8 .  
HALL: I t h i n k  t h e r e  i s  a l i t t l e  d isagreement  
between t h e  f i l m  and some of t h e  numbers w e  have h e r e .  
QUESTION: I though t  he  was t a l k i n g  n a u t i c a l  
miles and t h e  s t a t u t e  is i n  s t a t u t e  miles. 
HALL: I hope w e  h a v e n ' t  t ho rough ly  confused  YOU 
by u s i n g  n a u t i c a l  m i l e s  i n  t h i s  d i s c u s s i o n ,  which o u r  
e n g i n e e r s  are used t o ,  and t h e  f i l m  which w a s  made f o r  
p u b l i c  release which d e a l s  w i t h  s t a t u t e  miles. 
QUESTION: What k i n d  of miles are w e  go ing ,  t o  g e t  
l a t e r  on d u r i n g  t h e  f l i g h t ?  
ALIBRANDO:  We w i l l  c o n v e r t  them t o  s t a t u t e  i n  t h e  
r e l e a s e  w e  w i l l  g i v e  you. 
QUESTION: Say it i s  1 . 8 .  Roughly 1 0 0  miles an 
hour. 1 . 8  m i l e s  a minute  i s  rough ly  1 0 0  m i l e s  an hour .  
HAMMERSMITH: I a m  p r e t t y  s u r e  t h e  f i l m  s a i d  1 . 8  
mi l e s  an hour .  
QUESTION: 1 . 8  miles an  hour?  
HAMMERSMITH: Yes. 
QUESTION: I d o n ' t  unde r s t and .  The d i f f e r e n c e  i s  
34 miles, and you are c l o s i n g  i n  32 minu tes .  
about  a m i l e  a minute .  
So i t  s h o u l d  be 
QUESTION: I got  1 . 8  miles  a minu te .  
QUESTION: Is t h a t  what you p u t  down, t o o ?  
QUESTION: Tha t  i s  what t h e  f i l m  s a i d .  
HALL: One of t h e  t h i n g s  I would l i k e  t o  e x p l a i n  t o  
you i f  you would be w i l l i n g  t o  w a i t ,  1 t h i n k  you have s e e n  the 
c l o s i n g  maneuvers where you have  a f i x e d  t a r g e t ,  and where t h e  
S p a c e c r a f t  comes i n  and goes l i k e  t h i s .  I t  is f a i r l y  s i m p l e  
t o  e x p l a i n  why w e  g e t  t h a t .  
f i r s t ,  w e  can d e l a y  t h i s .  
If Y O U  have  some o t h e r  q u e s t i o n s  
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QUESTION: Do you a g r e e  t h a t  i t  i s  a mile 2 minute? 
HALL: It i s  no t  c o n s t a n t  o v e r  t h e  e n t i r e  c l o s i n g  
p e r i o d  because i n  one case you are c l o s i n g  and i n  a n o t h e r  case 
you are opening up, and then you come back i n .  
QUESTION: But it does  ave rage .  
QUESTION: The word " f i x e d "  i s  th rowing  m e  because  
t h e  t a r g e t  i s  moving. 
HALL: A p l o t '  l i k e  t h i s  i s  drawn r e l a t i v e  t o  t h e  
t a r g e t ,  p u t t i n g  i n  t h e  t a r g e t  h e r e  as though a f i x e d  p o i n t  
even  though it  i s  moving around.  T h i s  i s  how e v e r y t h i n g  
looks r e l a t i v e  t o  t h e  t a r g e t  p o i n t .  
QUESTION: L e t  me f i n i s h .  We are c l o s i n g  a t  a m i l e  
a minu te ,  l e t ' s  s a y .  W e  are supposed t o  end  up a m i l e  ahead  
of t h e  Agena. That  i s  a d i f f e r e n c e  of a minute  i n  t i m e ;  
r i g h t ?  I n  o the r  words you have t o  s tar t  y o u r  t e r m i n a l  
maneuver -- what  I a m  t h i n k i n g  of f r a n k l y  i s  i n  terms of a 
c o l l i s i o n .  You have t o  be w i t h i n  a minute  of y o u r  i n i t i a t i o n  
of t h e  t e r m i n a l  maneuver i f  you are go ing  t o  p r e c l u d e  any k i n d  
or' c u i i i s i o i i .  Is t h a t  cnr rec t ?  Is t h a t  r e a s o n i n g  c o r r e c t ?  
ALLER: I don ' t  t h i n k  so. 
HALL: When w e  g e t  c l o s e  t o  i t ,  w e  use o p t i c a l  means 
t o  a v o i d  a c o l l i s i o n .  
QUESTION: But when you speed  up t o  s low down -- 
HALL: This  i s  the  p o i n t .  Here i s  t h e  o r b i t  t h a t  
i s  i n s i d e  -- h e r e  i s  t h e  t a r g e t  o r b i t .  We have s a i d  t h a t  
e v e r y t h i n g  i n  t h i s  o r b i t  i s  go ing  f a s t e r  t h a n  t h o s e  t h i n g s  i n  
t h i s  o r b i t .  We have s a i d  t h a t  t o  go f r o m  t h i s  o r b i t  o u t  t o  
t h i s  one w e  have t o  i n c r e a s e  o u r  v e l o c i t y  h e r e .  A t  t h i s  p o i n t  
i n  t h i s  o r b i t  w e  are going fas ter  t h a n  w e  are i n  t h i s  o r b i t .  
-. we have also sa id  t h a t  when w e  g e t  o u t  t o  t h i s  
p o i n t  w e  a g a i n  have t o  speed up i n  o r d e r  t o  g e t  i n t o  t h i s  
o r b i t .  And y e t  w e  have a l r e a d y  s a i d  t h a t  i n  t h i s  o r b i t  w e  
are go ing  slower t h a n  we are i n  t h i s  o r b i t .  
What happens is t h a t  when w e  s p e e d  up h e r e ,  as we 
coast o u t  h e r e  w e  s l o w  up, and w e  slow up t o  a p o i n t  t h a t  is 
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s lower  t h a n  what t h e  v e l o c i t y  i s  i n  t h i s  o r b i t .  
t o  g e t  t o  t h i s  o r b i t  w e  have t o  speed  up a g a i n  when ye g e t  
S O  i n  o x k r  
t o  ttiLs o r b i t .  
What t h i s  means i s  on t h e  way o u t  h e r e  w e  s t a r t  
out c o n s i d e r a b l y  f a s t e r  t h a n  what t h e  t a r g e t  i s  go ing  a t  i n  
t h i s  o r b i t .  
a a t c h .  
A t  some p o i n t  h e r e  t h e s e  v e l o c i t i e s  e s s e n t i a l l y  
QUESTION: To  keep t h e  Agena from banging  i n t o  i t .  
HALL: R i g h t .  
QUESTION: There i s  a c l o s i n g  rate i f  you d o n ' t  
speed.  
HALL: There  i s  a c l o s i n g  rate i f  y o u  d o n ' t  s p e e d  
It i s  abou t  e q u a l  t o  y o u r  b r a k i n g  v e l o c i t y  which you up.  
gave. 
ALLER: Do you want t h e  c l o s i n g  rate a t  b r a k i n g ?  
I t  is 4 3  f e e t  p e r  second.  
QUESTION: So t h a t  would b e ,  s a y ,  30 miles an h o u r .  
HALL: Yes. 
QUESTION: If one had  a c o l l i s i o n  it would be a t  
roughly  30  miles an h o u r .  
HALL: T h a t ' s  r i g h t .  
HAMMERSMITH: I w a s  a s k e d  a q u e s t i o n  as I came UP 
h e r e  a b o u t  t h i s  c o l l i s i o n .  I t h i n k  w e  ough t  t o  s a y  more t h a n  
w e  have s a i d ,  E ldon ,  and t h a t  is t h a t  if t h e y  g e t  up i n t o  t h i s  
l o c a t i o n  -- somebody s a i d  if t h e y  d o n ' t  s p e e d  up t h e r e  w i l l  
be a c o l l i s i o n .  The o n l y  way t h e r e  can  be a c o l l i s i o n  
i s  if t h e  i n t e r c e p t ,  t h e  p o i n t  where t h e  o r b i t s  i n t e r c e p t ,  
b o t h  s p a c e c r a f t  a r r i v e  a t  t h e  i n t e r c e p t i o n  p o i n t  s i m u l t a n e o u s l y  
r i g h t  on t h e  b u t t o n .  I f  t h e  Agena i s  a l i t t l e  b e h i n d ,  as 
t h e  s p a c e c r a f t  comes up a h e a d  of i t ,  u n l e s s  t h e  a s t r o n a u t s  
do something t h e  s p a c e c r a f t  w i l l  s t a r t  r i g h t  back down. T h e m  
w i l l  n o t  be a c o l l i s i o n  from t h a t  case. 
Not so. 
QUESTION: YOU are t a l k i n g  a b o u t  t h e  t w o  o r b i t s  
c o i n c i d i n g  a t  o n l y  one  p o i n t .  
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I HAMMERSMITH: That ' s  r i g h t .  Both s p a c e c r a f t  must 
be t h e r e  a t  t h e  same t i m e  f o r  t h e r e  t o  be a c o l l i s i o n .  I n  
o t h e r  words t h e r e  i s  a very -- even looking  a t  it t h i s  way, 
t h e r e  i s  a very s l i g h t  chance, very s l i g h t  chance, of  a 
c o l l i s i o n  because t h e  t iming has  t o  be exact. Otherwise 
i f  they  d o n ' t  h i t  a t  t h a t  p o i n t  t h e y  come a p a r t  -- t hey  move 
a p a r t .  
QUESTION: L e t  me come a t  t h i s  a d i f f e r e n t  way. 
We have t h e  Agena going say 1 7 , 5 0 0  m i l e s  an hour .  We have 
Gemini go ing  1 7 , 5 1 0  m i l e s  an hour ,  o r  whatever t h e  f i g u r e s  
might be. 
HALL: It  depends on where you are i n  t h e  o r b i t .  
It goes from lower v e l o c i t y  t o  h i g h e r  v e l o c i t y .  
QUESTION: We have t h e  Agena and w e  have t h e  Gemini, 
and you s ta r t  t o  c l o s e  t o  dock. A t  what speed does t h e  
Agena slow down o r  p ick  up speed? 
HALL: The Agena d o e s n ' t  change i t s  v e l o c i t y .  
QUESTION: H o w  does t h e  Gemini, i n  m i l e s  p e r  hour ,  
slow down o r  speed up, oliid finally come t o g e t h e r ,  and how 
much impact a t  t h a t  p o i n t ?  
HALL: H e r e  you have a h i g h e r  v e l o c i t y  t h a n  what 
t h e  Agena i s  doing. Considerably h ighe r .  On t h i s  t y p e  of 
p l o t ,  where t h i s  is  every th ing  r e l a t i v e  t o  t h e  Agena, which 
i s  a t  t h i s  p o i n t ,  w e  are going fas te r  t h a n  t h e  Agena. A s  
i t  c o a s t s  up i n  t h i s  o r b i t ,  i t  slows down. A s  a matter of 
fac t ,  w e  g e t  t o  a p o i n t  h e r e  where it i s  ahead of t h e  Agena, 
as a matter of fact ,  a t  some p o i n t ,  as shown by t h i s  p l o t .  
I t  i s  ahead of t h e  Agena. 
We ge t  t o  a po in t  h e r e  where a c t u a l l y  i t  s ta r t s  
s lowing down and coming t h i s  way r e l a t i v e  t o  t h e  Agena, and 
t h a t  i s  when i t  comes back h e r e .  So t h a t  a t  t h i s  p o i n t  i t  is 
ahead,  and from h e r e  on ou t  it starts approaching t h e  Agena 
r ,  i n  t h a t  way. When you ge t  t o  h e r e ,  t h e n  you have t o  use your  
brak ing .  You make t h e  braking o r  pos igrade  maneuver t o  g i v e  it 
t h a t  4 0  feet  p e r  second. 
QUESTION: It slows down 1 0  mi les  an hour  t o  do t h e  
mating,  whatever i t  i s .  I want t o  ge t  t h i s  t r a n s l a t e d .  
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QUESTION: Don't they  a c t u a l l y  g e t  t o  t h e  sa- 
speed i n  t h a t  o r b i t  before  you s t a r t  your  las t  brak ing  
mane uve  i.? 
- 
HALL: No, s ir .  
HAMMERSMITH: Right h e r e  i s  where they  speed up. 
T h i s  i s  t h e  p l o t  of  d i s t a n c e .  This  i s  d i s t a n c e  i n  one 
d i r e c t i o n ,  and t h i s  i s  d i s t a n c e  i n  t h i s  d i r e c t i o n .  The 
s p a c e c r a f t  i s  coming up. They are both a c t u a l l y  moving 
t h i s  way. Th i s  whole coord ina te  system i s  moving. 
A t  t h i s  p o i n t  i f  t hey  d o n ' t  maneuver so t h a t  t hey  
take t h i s  k ind  of a r e l a t i o n s h i p ,  t h e n  h o l d  i t ,  t h e y  are 
going t o  come r i g h t  back o u t .  
fo r ,  I th ink .  
motion t h a t  way and t h e n  hold  i t .  
That i s  what you w e r e  looking  
They have t o  do something h e r e  t o  make t h e  
ALLER: And t h e  d i f f e r e n c e  i n  v e l o c i t y  a t  t h a t  
po in t  is  4 0  fee t  p e r  second. The Agena i s  going fas te r  
than t h e  s p a c e c r a f t  by 43 fee t  p e r  second. 
HALL: Otherwise you would s t a r t  t o  f a l l  back. 
QUESTION: You have t o  speed up t o  coast u p h i l l  
and then  s t e p  on it. 
HAMMERSMITH: Th i s  i s  where t h i s  r acecour se  analogy 
breaks down. I t o l d  you i t  breaks  clown. 
QUESTION: I want t o  a sk  one t h i n g .  I n  t h e  
un l ike ly  event  of t h a t  c o l l i s i o n ,  what  would happen? 
HALL: A t  4 3  feet  p e r  second,  i f  t h e r e  was an 
uncont ro l led  c o l l i s i o n ,  i t  would be f a i r l y  c a t a s t r o p h i c  That  
i s  obvious. 
QUESTION : Would you tumble? 
HALL: It would depend e n t i r e l y  on how t h e y  came 
t o g e t h e r .  This  i s ,  as f a r  as w e  are concerned,  imposs ib l e ,  
because t h e  a s t r o n a u t s  will be a b l e  t o  see t h i s .  They w i l l  
be ab le  t o  maneuver. A s  a matter of f a c t ,  these o r b i t s  are 
such t h a t  t h e  chance of a c o l l i s i o n ,  even if t h e y  had made 
no maneuvers, are almost  n i l  because of t h e  v a s t  s i z e  of the 
space.  
jonlO . 
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QUESTION: I n  t h e  t e rmina l  maneuver w i l l  t hey  be 
s e e i n g  t h e  t h i n g  f o r  t h e  l a s t  32 minutes? 
HALL: They w i l l  be see ing  it c o n s t a n t l y  du r ing  t h a t  
p e r i o d  o f  t i m e .  
ALLER: They w i l l  main ta in  radar lock  du r ing  t h a t  
time. 
QUESTION: I a m  t a l k i n g  about  v i s i b l e .  
HALL: It w i l l  be v i s i b l e  t o  t h e  naked eye.  
QUESTION: Could you get  me s t r a i g h t e n e d  o u t  on 
t h e  d a y l i g h t  and t h e  dark and t h e  d a y l i g h t  bus iness?  Am I 
correct t h a t  about  a minute before  da rkness ,  j u s t  roughly ,  
t hey  w i l l  a c q u i r e  i t  v i s u a l l y  from 34 miles o r  so? 
HALL: Right. 
QUESTION: Then they  go i n t o  darkness  where i t  i s  
dark f o r  some minutes? 
._ 
HALL: Yes. 
QUESTION: Roughly what? 
HALL : Dark cont inuously.  
QUESTION: How long w i l l  t h a t  be? 
HARKLEROAD: The  darkness c y c l e  i s  about 38 minutes .  
QUESTION: 3 8  minutes i n  darkness .  And j u s t  a f e w  
minutes  be fo re  they  dock, they are i n  sun again?  
HALL: Yes. 
QUESTION: Is t h a t  t h e  way it works? 
HARKLEROAD: Yes. 
HALL: They w i l l  be  doing t h e  brak ing  maneuver and 
going  a t  r e l a t i v e l y  t h e  same v e l o c i t y  b u t  a t  some d i s t a n c e  
away from it whi le  s t i l l  i n  darkness .  They will main ta in  
I 
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t h a t  p o s i t i o n  u n t i l  t h e y  g e t  around i n  s u n l i g h t ,  and  t h e n  
c l o s e  i n .  
QUESTION: And t h e i r  backs  w i l l  be i n  t h e  d i r e c t i o n  
h e r e  going and t h e  Sun w i l l  be behind  :hem a g a i n ?  
HALL: Yes. 
QUESTION: When t h e y  s t a r t e d  o u t  t h e  Sun was behind  
them? 
HALL: Yes. 
QUESTION: Thank God. 
HAMMERSMITH: T h i s  was one of t h e  i m p o r t a n t  t h i n g s  
t o  worry a b o u t .  Where was t h e  Sun. Another  p r a c t i c a l  matter 
t h a t  g e t s  in y o u r  h a i r ,  o r  i n  y o u r  e y e s .  
QUESTION: The t e m i n a l  phase  of t h e  rendevouz i s  
t h e  pos ig rade  maneuver, done i n  t h e  d a r k  s i d e ?  
HAMMERSMITH: Yes , s i r .  
QUESTION: The t e r m i n a l  phase  of t h e  docking  
maneuver i s  t h e  r e t r o g r a d e  maneuver and  i s  done i n  t h e  day 
s i d e ?  
HALL: I t  i s  r e l a t i v e  t o  t h e  Agena and has t o  be  
r e t r o g r a d e .  I t  i s  j u s t  l i k e  p u l l i n g  i n t o  a dock. P u l l i n g  
i n  and  s t o p p i n g .  
QUESTION: It h a s  t o  be s m a l l  enough so i t  won ' t  
do any th ing  t o  t h e  o r b i t ?  
HAMMERSMITH: T h a t  ' s r i g h t .  
HALL: John p o i n t e d  o u t  e a r l i e r  t h a t  you c a n ' t ,  i n  
o r d e r  t o  ca t ch  up t o  someth ing ,  s p e e d  up ,  because  you g e t  
o u t  of t h e  o r b i t .  When you are t a l k i n g  abou t  someth ing  c lose 
i n ,  t h a t  n o  l o n g e r  h o l d s .  You can  c o n s i d e r  t h i s  t h e  same as 
you are going clown t h e  road and want t o  p u l l  i n t o  someth ing .  
QUESTION: H o w  do you know t h a t ?  
HALL: I t  i s  e n t i r e l y  a matter of how f a r  around 
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t h e  E a r t h  you go d u r i n g  t h i s  pe r iod .  I f  you are go ing  on ly  
a v e r y  small ang le  around t h e  Ea r th  so  t h a t  t h e  a n g l e  f r o m  
kihere t h e  Ea r th  i s  d o e s n ' t  change very much, you can f o r g e t  
about  t h e  o r b i t a l  e f f ec t s  and j u s t  handle  it -- 
HAMMEKSMITH: What I said s t i l l  h o l d s .  
QUESTION: When does t h i s  s t r a i g h t  l i n e  become a 
curve  a g a i n ?  How l o n g  have they  g o t ?  
HALL: Say a t e n t h  of an  o r b i t ,  which might  be f i v e  
o r  t e n  minu tes .  
QUESTION: They have f i v e  o r  t e n  minutes  t o  make i t? 
HALL: Without having t o  worry abou t  t h e  o r b i t a l  
mechanics a s p e c t  o f  t h e  f i n a l  docking.  
QUESTION: G e t t i n g  back t o  t h e  t r a n s f e r  from t h e  
i n n e r  o r b i t  o f  t h e  s p a c e c r a f t  t o  t h e  o u t e r  o r b i t  o f  t h e  
Agena, someone s a i d ,  i n  d e s c r i b i n g  t h a t ,  when t h e  s p a c e c r a f t  
speeds  up i n  t h e  i n n e r  o r b i t  t o  g e t  i n t o  tne o u t e r  o r b i t ,  
it Z i p s t  speeds q! and t h e n  slows down. 
HALL: It s lows down because  i t  i s  c o a s t i n g ,  j u s t  
as when w e  l aunch  something towards t h e  Moon, it goes  p r e t t y  
f a s t  a t  t h e  beginning .  Gravi ty  s lows  it down as it goes 
f u r t h e r  o u t .  The same t h i n g  i s  happening h e r e .  
QUESTION: Does t h a t  fact  have a n y t h i n g  t o  do w i t h  
t h e  ea r l i e r  p r i n c i p l e  s t a t e d ,  a w h i l e  a g o ,  t h a t  i n  t h e  l a r g e r  
o r b i t  t h e  v e h i c l e  goes more s l o w l y  t h a n  t h e  smaller o r b i t ?  
HALL: I t  i s  r e l a t e d  t o  i t ,  b u t  n o t  d i r e c t l y  as you 
p u t  i t .  
HAMMERSMITH: Let's t a k e  an o r b i t  l i k e  t h i s .  What 
w e  are r e a l l y  t a l k i n g  abou t  here i s  an e l l i p t i c  o r b i t .  What 
I w a s  s a y i n g  w a s  a n i c e  c l ean  s i t u a t i o n .  The t r a n s f e r  o r b i t  
i s  r e a l l y  an e l l i p t i c a l  one.  You c a n ' t  look a t  t h i s  as a 
v e l o c i t y  t h i n g  o r  as an a l t i t u d e  t h i n g .  I t  i s  one o r  t h e  
o t h e r .  V e l o c i t y  and  a l t i t u d e  are combined i n  a compl i ca t ed  
manner. But t h e y  combine i n  such  a manner t h a t  if t h e  
s p a c e c r a f t  does n o t h i n g  and i s  i n  an o r b i t  l i k e  t h i s ,  a 
t h i n g  t h a t  we c a l l  t h e  energy o f  t h e  o r b i t  remains  c o n s t a n t .  
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Very g e n e r a l l y  speak ing ,  i f  t h e  a l t i t u d e  i s  low, 
t h e  v e l o c i t y  w i l l  be h i g h .  So t h a t  i n  an o r b i t  such  as 
T h i s  t h e  v e l o c i t y  r eaches  a maximum a t  p e r i g e e .  A s  i t  
comes up h e r e ,  t h i s  v e l o c i t y  and a l t i t u d e  b e g i n  t o  have a 
s h i f t i n g  r e l a t i o n s h i p  u n t i l  o u t  h e r e ,  at maximum a l t i t u d e ,  
t h e  v e l o c i t y  i s  l ea s t .  And i f  i t  j u s t  t ouches  an o r b i t  
t h a t  i s  c i r c u l a r ,  r i g h t  h e r e ,  t h i s  speed  i s  slower for t h i s  
o r b i t  t h a n  i t  i s  f o r  one i n  t h i s  o r b i t  because t h e  c i r c u l a r  
o r b i t  here  is a h i g h e r  energy  o r b i t .  Does t h a t  h e l p ?  
QUESTION: One t h i n g ,  a c o r o l l a r y  of t h a t ,  maybe. 
I s  t h e  v e l o c i t y  l eas t  a t  apogee because ,  f o r  one r e a s o n ,  
o f  t h e  e f f e c t  of g r a v i t y ?  
HAMMERSMITH: Grav i ty  and v e l o c i t y  are t h e  t h i n g s  
from which you g e t  y o u r  ene rgy .  T h i s  p i e c e  of c h a l k  has 
p o t e n t i a l  energy  w i t h  r e s p e c t  t o  t h e  t a b l e ,  and  it loses i t s  
ene rgy  wi th  r e s p e c t  t o  the tab le  when i t  h i t s .  
o f  cha lk  has  k i n e t i c  ene rgy  because  it i s  moving. 
T h i s  p i e c e  
If you combine those two c o n c e p t s ,  i n  s p a c e c r a f t  
i n  an o r b i t ,  it h a s  p o t e n t i a l  energy  w i t h  r e s p e c t  t o  t h e  
E a r t h  by v i r t u e  o f  i t s  a l t i t u d e ,  and i t  h a s  k i n e t i c  ene rgy  
by v i r t u e  o f  i t s  speed .  
way g i v e  you an  energy  c o n s t a n t  f o r  an o r b i t .  The ene rgy  
c o n s t a n t  f o r  t h i s  o r b i t  i s  less t h a n  t h e  ene rgy  c o n s t a n t  
f o r  t h i s  c i r c u l a r  o r b i t .  
And t h e  two combined i n  a compl i ca t ed  
There fo re  when t h e y  bo th  t o u c h  a t  t h e  same 
a l t i t u d e  and t h e y  have d i f f e r e n t  e n e r g i e s ,  t h e  v e l o c i t y  is 
t h e  t h i n g  t h a t  h a s  t o  g i v e  i n  comparing i t .  
f o r  t h e  s p a c e c r a f t  i n  t h i s  o r b i t  w i l l  be less t h a n  t h e  
v e l o c i t y  f o r  t h e  t a r g e t  when it  reaches h e r e .  
So v e l o c i t y  
No? 
QUESTION: Y e s ,  
HAMMERSMITH: I f ee l  s o r r y  f o r  t h i s  i f  you have to 
w r i t e  i t  o r  e x p l a i n  i t  t o  somebody e lse .  
QUESTION: T h i s  word b r a k i n g  -- 
HAMMERSMITH: Th i s  word b r a k i n g  i s  u n f o r t u n a t e .  I: 
t h i n k  I s a i d ,  when I spoke up i n  t h e  back o f  t h e  room when 
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t h e  men are i n  t h i s ,  t h e s e  w o r d s  have a way o f  c r e e p i n g  i n  
because t h e y  are p r a c t i c a l  i n  a g i v e n  s i t u a t i o n .  When you 
t r y  t o  marry a l l  these d i f f e r e n t  s i t u a t i o n s  i s  when you g e t  
t h i s  c o n f l i c t .  When you have t h e  b i g  p i c t u r e  h e r e ,  i t  i s  
n o t  a b r a k i n g  maneuver. I f  you are s i t t i n g  i n  t h e  space -  
c r a f t  pushing  b u t t o n s  and watching t h e  Agena, it l o o k s  l i k e  
you are b r a k i n g .  
QUESTION: Does it f e e l  l i k e  i t?  Is  t h i s  t o  them 
s e a t - o f - t h e - p a n t s  f l y i n g ?  W i l l  i t  fee l  t o  them l i k e  t h e y  
are b rak ing?  
HAMMERSMITH: No, i t  w i l l  n o t ,  because t h e y  w i l l  
be f a c i n g  -- 
QUESTION: Facing t h e  Agena? 
HAMMERSMITH: They w i l l  be f a c i n g  t h e  Agena l i k e  
t h i s ,  and t h e y  are going  t o  f ire t h e  t h r u s t e r s  t h i s  way, 
which w i l l  push them t h i s  way. 
h a r n e s s e s .  
They w i l l  p u l l  a g a i n s t  t h e i r  
QUESTION: You have a nominal  s i t u a t i o n  r i g h t  up 
t o  rendevouz and f o r  one reason  o r  o t h e r  ysi l  m i s s  ~ a n d e v o u z .  
Do you have enough f u e l  l e f t  i n  t h e  Gemini t o  come back and 
t r y  i t  a g a i n  a t  a l a t e r  o r b i t ?  
HALL: That  depends on how f a r  you m i s s  i t .  If 
you m i s s  i t  by o n l y  a s m a l l  amount, t h e n  you have t o  e v a l u a t e  
t h e  o r b i t s  t h a t  you end up wi th  and through ground t r a c k i n g  
t r y  t o  c o r r e c t  t h e s e  o r b i t s  wi th  a minimum amount of f u e l .  
If you are close,  very  n e a r l y  i n  t h e  same o r b i t  t o  s tar t  w i t h ,  
i t  s h o u l d n ' t  take much f u e l  t o  make t h e  c o r r e c t i o n .  
QUESTION: Could t h e  Agena be used t o  do t h i s ,  
r a t h e r  t h a n  t h e  Gemini i t s e l f ?  
HALL: That would depend on how much v e l o c i t y  it 
would take i n  one o r  t h e  o t h e r  v e h i c l e .  P r e f e r a b l y  w e  would 
do i t  w i t h  t h e  s p a c e c r a f t .  If i t  took a l a r g e  amollnt of f n e l ,  
w e  would have t o  use t h e  Agena t o  make t h e  c o r r e c t i o n .  
QUESTION: I n  t h a t  c o n n e c t i o n ,  how much f l y i n g  time 
w i l l  t h e  s p a c e c r a f t  have on  a nominal  launch  on t h e  25th?  How 
many o r b i t s  can i t  make, crew, s u p p l i e s ,  and a l l  t h e  r e s t ?  
HALL: Two-day l i f e t i m e .  
j on 
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ALLER: T h i r t y  r e v o l u t i o n s .  
QUESTION: That  i s  t h e  Gemini s p a c e c r a f t ?  
ALLER: T h a t ' s  r i g h t .  I might s a y ,  on t h i s  a b o r t e d  
rendevouz,  a c r i t i c a l  p o i n t  would be xhere you a b o r t .  If you 
are up a t  t h e  b r a k i n g  p o i n t ,  f o r  i n s t a n c e ,  o r  y o u r  t e r m i n a l  
phase  i n i t i a t i o n ,  t h e  p r o b a b i l i t y  of b e i n g  a b l e  t o  -- p r o b a b i l i t y  
o f  having  enough on-board p r o p e l l a n t  t o  pe r fo rm t h e  rendevouz 
a g a i n  would be very  l o w .  I t  takes  t h e  maximum -- t h e  m a j o r i t y  
of o u r  on-board sys tems are used up i n  t h e  rendevouz a t t e m p t .  
QUESTION: Geograph ica l ly  s p e a k i n g ,  where w i l l  t h e  
s p a c e c r a f t  be when you i n i t i a t e  t r a n s f e r ?  The nominal  m i s s i o n .  
You are t a l k i n g  about  b r a k i n g  o v e r  t h e  I n d i a n  Ocean. Where 
w i l l  you s t a r t  t r a n s f e r ?  
ALLER: Right  o f f  t h e  coast of Braz i l .  
QUESTION: I n i t i a t e  t r a n s f e r ?  
ALLER: Yes, s i r .  
QUESTION: You would o v e r t a k e  t h e  Agena o v e r  t h e  
I n d i a n  Ocean? 
ALLER: Yes. That  i s  -- 
QUESTION : Where would t h e  docking  o c c u r ?  Between 
A u s t r a l i a  and Midway? 
ALLER: The docking o c c u r s  sometime a f t e r  b r a k i n g ,  
depending on t h e  d i s p e r s i o n s  w e  have a t  t h e  end  of i t .  
QUESTION: Would you be p a s t  A u s t r a l i a  t h e n ?  
HARKLEROAD: They e x p e c t  t o  be docked,  i f  e v e r y t h i n g  
goes norma l ly ,  by t h e  t i m e  t h e y  r e a c h  H a w a i i .  
QUESTION: So you would dock o v e r  t h e  P a c i f i c ?  
ALLER: The v e l o c i t y  match takes p l a c e  j u s t  a b o u t  
due s o u t h  of I n d i a  -- Ceylon -- Over t h e  I n d i a n  Ocean. That  
p a r t i c u l a r  trace t a k e s  you o v e r  t h e  i s l a n d s  and I t h i n k  it i s  
o v e r  t h e  P h i l i p p i n e s ,  and I t h i n k  w e  can  a c c u r a t e l y  s a y  i t  is 
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between v e l o c i t y  match a t  about H a w a i i  t h e  docking should 
t a k e  p l a c e  nominally. 
QUESTION: The p r e s s  k i t  would have t h i s ?  
ALLER: I planned on i t ,  yes .  
QUESTION: When you do dock, i s  t h e r e  a l i nkage  
between t h e  ~ W O  s h i p s ,  t h a t  you have them j o i n e d  t o g e t h e r  
wi tn  c i r c u i t s ,  t h i n g s  of t h i s  n a t u r e ?  O r  are you j u s t  
p h y s i c a l l y  i n  t h e r e ?  
ALLER: There i s  an umbi l i ca l  connect ion.  
QUESTION: Does t h e  p r e s s  k i t  cover  t h i s ?  
ALLER: I planned on i t ,  yes.  
HAMMERSMITH: It is a h a r d  l i n e ,  e lec t r ica l  mate, 
male and female. 
QUESTION: A r e  you going t o  f i r e  t h e  Agena and use 
i t s  propuls ion  a f t e r  Gemini docks? 
ALLER: Not while docked. 
QUESTION: You w i l l  do t h a t  i n  t h e  t h r e e  days af ter  
Gemini comes i n ?  
ALLER: T h a t ' s  r i g h t .  There are t h r e e  systems on 
t h e  Agena. There i s  an a l t i t u d e  c o n t r o l  system, t h e r e  i s  
t h e  secondary propula ion  s y s t e m ,  and a primary p ropu l s ion  
system. We use t h e  a t t i t u d e  c o n t r o l  system whi l e  docked t o  
c o n t r o l  t h e  docked conf igura t ion .  But w e  won't f i r e  t h e  
secondary propuls ion  s y s t e m  o r  t h e  primary propuls ion  system. 
A f t e r  w e  undock, t hen  w e  w i l l  maneuver wi th  these eng ines ,  
t h e  t h r u s t e r s .  
QUESTION: Am I correct i n  concluding from s e v e r a l  
t h i n g s  t h a t  you nave s a i d ,  t h a t  a f t e r  braking ,  t h e  a s t r o n a u t s  
have f i v e  o r  t e n  minutes t o  dock, and i f  they  m i s s  t h e y  
probably w i l l  n o t  have enough f u e l  t o  t r y  aga in?  
HALL: May I c o r r e c t  your  s ta tement?  The statement 
was t h a t  they  would have f i v e  o r  t e n  minutes t o  do t h e  docking 
maneuver. That d o e s n ' t  mean t h e y  have to i n i t i a t e  t h e  docking 
c J 
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wi th in  t h a t  f i v e  o r  t e n  minutes ,  because they  could  s t a y  
i n  these o r b i t s  and go a l l  t h e  way around without  g e t t i n g  
t i e d  up w i t h  t h e  o r b i t  mechanics a s p e c t s .  
QUESTION: But once they  s ta r t  -- 
HALL: Once they  s t a r t ,  i f  you want t o  start  making 
maneuvers and you want t o  do t h i s  without  g e t t i n g  t i e d  up 
wi th  t h e  o r b i t a l  mechanics equa t ions ,  t hen  you would have t o  
complete t h e  maneuvers i n  say  f i v e  o r  t e n  minutes .  
QUESTION: And i f  t hey  do n o t ,  they  won't  g e t  
another  chance, probably? 
HALL: They would have ano the r  chance. 
ALLER: I t h i n k  t h e r e  has  been some confusion he re .  
The v e l o c i t y  match p u t s  them i n  t h e  same o r b i t  i d e a l l y ,  and 
if you dock o r  you d o n ' t  dock they  should f l y  around. 
you are done braking and you have say  a 500 f o o t  s e p a r a t i o n ,  
they  w i l l  s t a y  i n  o r b i t  l i k e  t h a t  a l l  t h e  way around. 
If 
QUESTION: Fly ing  i n  t h e  same o r b i t  a l l  t h e  way 
around? 
HAMMERSMITH: They may move a l i t t l e  b i t ,  b u t  they  
w i l l  s t a y  within proximi ty .  
ALLER: The docking is a c t u a l l y  a very small 
maneuver, t o  j o i n  up. 
t h e  v e l o c i t y  match, and they  have done it a c c u r a t e l y ,  t h e y  
w i l l  remain i n  t h e  same o r b i t ,  and t h e i r  r e l a t i v e  distance 
a p a r t  s t a y s  t h e  same. 
But un le s s  t h e y  p e r t u r b  t h i s  a f t e r  
QUESTION: They could  do t h i s  a l l  day long  and 
s t i l l  dock t h e  nex t  day. 
HALL: They have c a p a b i l i t y  t o  maneuver t h e  space-  
craf t  with t h e i r  l a te ra l  and up and down t h r u s t e r s  so t hey  
can even overcome t h e  o r b i t a l  mechanics a s p e c t  if it t a k e s  
them longer  than  f i v e  o r  t e n  minutes ,  
imply t h a t  they  had t o  complete t h e  docking w i t h i n  t ha t  t i m e  
pe r iod .  
I d i d n ' t  mean t o  
QUESTION: IS t h i s  f i v e  o r  t e n  minutes  before they  
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run  a f o u l  o f  Newton? 
HALL: T h a t ' s  r i g h t .  They cou ld  s t i l l  overcome 
Newton w i t h  t h e  t h r u s t e r s  they  have on board .  
HAMMERSMITH: I t  t a k e s  f u e l .  
QUESTION: I thought  t h e  p o i n t  was t h a t  t h e y  d i d n ' t  
have t h a t  much. 
HALL: The amount of f u e l  i t  takes  t o  do t h e  docking  
i s  r e l a t i v e l y  small compared t o  t h e  amount of f u e l  i t  t a k e s  
t o  make t h e s e  major  c o r r e c t i o n s .  So  t h a t  t h e y  s h o u l d  have 
enough f u e l  t o  do t h a t ,  several  t i m e s .  
QUESTION: Why d o n ' t  t h e y  w a i t  f o r  t h e  f i n a l  
docking phase u n t i l  t h e y  come o v e r  t h e  Un i t ed  S t a t e s  where 
t h e r e  i s  s o  much t r a f f i c ,  r a t h e r  t h a n  doing  it o v e r  t h e  
P a c i f i c ?  
ALLER: Why are t h e y  d e l a y i n g  t h e  docking? 
QUESTION: Why d o n ' t  t h e y  de lay  i t? Why d o n ' t  t h e y  
d e l a y  t h e  beginning  f ive try tzz minu tes?  
ALLER: F o r  one t h i n g ,  t h e  one c i r c u m s t a n c e s  w e  
have had o f  a t t e m p t i n g  t o  what w e  ca l l  s t a t i o n - k e e p ,  you w i l l  
r e ca l l ,  was on Gemini I V .  T h i s  b r a k i n g  maneuver i s  t o  p u t  
us i d e a l l y  i n  the s i t u a t i o n  I w a s  j u s t  d e s c r i b i n g ,  where you 
are i n  e x a c t l y  t h e  same c?r31t- Any d i s p e r s i o n  -- as I s a i d  
e a r l i e r ,  we e x p e c t  d i s p e r s i o n  -- w e  would be of f  t h a t  nominal  
s i t u a t i o n .  We have f l o w n  the whole m i s s i o n ,  w e  have performed 
rendevouz a t  a c e r t a i n  p o i n t ,  and b rake  a t  a c e r t a i n  p o i n t ,  
and  w e  hope t o  dock as soon as w e  can a f t e r  t h a t  b r a k i n g  
p o i n t  s o  t h a t  any s m a l l  d i s p e r s i o n s  w e  do have won ' t  cc  ' ? j  US 
away from t h e  Agena t a r g e t .  
T h i s  i s  what happened on I V .  We had  a v e r y  small 
r e l a t i v e  d i s p e r s i o n  between t h e  two, b u t  w e  s e p a r a t e d  f a s t e r  
t h a n  w e  had  a n t i c i p a t e d ,  ana  t hemfore  t h e  whole o b j e c t i v e  of 
t h e  mis s ion  i s  t o  rendevouz and t h e n  dock. We f e e l  w e  s h o u l d  
do t h i s  as soon as p r a c t i c a l .  La ter  w e  are go ing  t o  undock 
and w e  w i l l  dock a g a i n .  
QUESTION: What d i f f e r e n c e s  does it make what 
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country you dock ove r?  
ALLER: I t  d o e s n ' t  make any d i f f e r e n c e .  I t h i n k  
his p o i n t  was t h a t  w e  c o u l d  watch them dock w i t h  o u r  r a d a r  
and t e l e m e t r y .  
HARKLEROAD: F i r s t ,  t h a t  p a r t i c u l a r  t r a c k  -- on 
t h a t  o r b i t a l  r e v o l u t i o n ,  on t h a t  r e v o l u t i o n  -- does n o t  p a s s  
ove r  t h e  S t a t e s  anyway. 
QUESTION: Where does i t  p a s s ?  
HARKLEROAD: It  p a s s e s  o v e r  South A m e r i c a .  So w e  
would have t o  w a i t  u n t i l  t h e  n e x t  day.  
QUESTION: You are t a l k i n g  about  t h e  d i s p e r s i o n  
d r i f t ,  as you c a l l  it. How r a p i d l y  w i l l  you r edock ,  and how 
r a p i d l y  do you a n t i c i p a t e  r edock ing ,  t h e  t h r e e  subsequen t  
redocking exercises a f t e r  t h e  two have undocked? 
ALLER: O f  cou r se  once w e  have docked, w e  are n o t  
wor r i ed  abou t  d i s p e r s i o n .  
s i n g l e  v e h i c l e .  
We have a s i n g l e  o r b i t ,  w i t h  a 
QUESTION: Won't you have some d i s p e r s i o n  when you 
undock? 
ALLER: When we undock w e  w i l l  know e x a c t l y  what 
t h a t  i s .  If  w e  undock a t  t w o  f ee t  a second ,  a l l  w e  have t o  
do is e q u a l i z e  o u r  r e l a t i v e  r a t e  between t h e  t w o  and w e  w i l l  
only s e p a r a t e  up t o  about  60  f e e t  I t h i n k  i t  is .  
HALL: I t h i n k  t h e  q u e s t i o n  is, a f t e r  you s e p a r a t e  
how l o n g  w i l l  you w a i t  b e f o r e  you r edock .  
QUESTION: W i l l  you t r y  t o  redock  as soon as possiSle? 
ALLER: H o w  many minu tes  w i l l  w e  remain undocked? 
QUESTION: Not how many m i n u t e s ,  b u t  w i l l  you t r y  
t o  do i t  as r a p i d l y  as p o s s i b l e  t o  p r e v e n t  d i s p e r s i o n s  f r o m  
being made? 
ALLER: I c a n ' t  answer t h a t .  
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HALL: One of t h e  purposes o f  t h e  docking exerc ises ,  
and t h e  redocking,  i s  t o  g ive  t h e  a s t r o n a u t s  some expe r i ence  
a t  t h i s .  If w e  d i d  i t  as r a p i d l y  as w e  could ,  t h e y  wouldn'e 
g e t  any exper ience  a t  s ta t ion-keeping .  
QUESTION: During t h e  whole two hours  and twenty 
minutes window, do you have t h e  c a p a b i l i t y  of launching  t h e  
whole way through t h a t  window, o r  would you s t o p  for a p e r i o d  
of t i m e  and then  s ta r t  aga in?  
HALL: You have t h e  per iod  o f  launching  throughout  
t h a t  window. You would have t o  make Agena maneuvers t o  
c o r r e c t  t h e  phase.  
QUESTION : Throughout t h a t  window you would launch? 
HALL: Yes. 
ALLER: You have t h e  c a p a b i l i t y ,  b u t  t h e r e  i s  a 
p e r i o d  i n  t h e r e  t h a t  w e  would wait. 
QUESTION: Could you t e l l  us? 
HALL: When you are g e t t i i i g  tz t h e  p o i n t  where F f  
you w a i t  a l i t t l e  b i t  l onge r ,  then  you d o n ' t  have t o  make any 
phase changes,  you would be b e t t e r  o f f  t o  w a i t ,  and simply 
from a p r a c t i c a l  s t andpo in t  w i l l  w a i t  and w i l l  n o t  do t h a t .  
QUESTION: A t  1145 Monday, i f  t h e r e  i s  no launch ,  
w e  can w r i t e  a s t o r y  and say there  w i l l  be no launch  today: 
ALLER: 1 1 4 5 ?  
QUESTION: Yes. 
ALLER: No. 
QUESTION: I f  t h e  Agena i s  n o t  o f f ?  
ALLER: If t h e  Agena is n o t  off? 
QUESTION: Yes. 
ALLER: We have a mission Tule t h a t  i f  w e  d o n ' t  g e t  
t h e  Agena o f f  w i th in  t w o  hours of what we p l a n  t o ,  w e  will 
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s c r u b  both launches.  You said i f  t h e  Agena i s  n o t  o f f .  D i d  
you mean i f  t h e  s p a c e c r a f t  i s  n o t  o f f ?  
Q U E S T I O N :  Right.  
Q U E S T I O N :  If t h e  Agena i s  up t h e r e  you have t w o  
hours  and twenty minutes .  
ALLER: The s p a c e c r a f t  window goes from 1 1 4 1  f o r  
two hours and twenty minutes t h e r e a f t e r .  
Q U E S T I O N :  That was confus ing  m e  ea r l ie r .  I was 
under t h e  impression t h a t  you had t o  g e t  t h e  Agena i n  o r b i t  
by 1 1 4 1 .  
ALLER: No. We have s e v e r a l  c o n s t r a i n t s .  I f  w e  
have t o  de lay  t h e  Agena launch -- t h i s  i s  t h e  Agena, t h e  
f i r s t  launch -- t w o  hour s ,  w e  w i l l  s c r u b  f o r  t h a t  day. 
HALL: 12:OO o ' c l o c k .  
ALIBRANDO:  Thank you very much. 
(Whereupon, a t  5:OO p.m., t h e  b r i e f i n g  was concluded.)  
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